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PREFACE 


When a surgeon contemplates performing a procedure, there are three major questions to 
consider: Why is the surgery being done? When in the course of a disease process should it 
be performed? And, finally, what are the technical steps involved? The purpose of this text 
is to describe in a detailed, step-by-step manner the “how to do it” of the vast majority of 
orthopaedic procedures. The “why” and “when” are covered in outline form at the begin- 
ning of each procedure. However, it is assumed that the surgeon understands the basics of 
“why” and “when,” and has made the definitive decision to undertake a specific case. This 
text is designed to review and make clear the detailed steps of the anticipated operation. 

Operative Techniques in Orthopaedic Pediatric Surgery differs from other books be- 
cause it is mainly visual. Each procedure is described in a systematic way that makes liberal 
use of focused, original artwork. It is hoped that the surgeon will be able to visualize each 
significant step of a procedure as it unfolds during a case. 

Each chapter has been edited by a specialist who has specific expertise and experience 
in the discipline. It has taken a tremendous amount of work for each editor to enlist talented 
authors for each procedure and then review the final work. It has been very stimulating to 
work with all of these wonderful and talented people, and Iam honored to have taken part 
in this rewarding experience. 

Finally, I would like to thank everyone who has contributed to the development of this 
book. Specifically, Grace Caputo at Dovetail Content Solutions, and Dave Murphy and 
Eileen Wolfberg at Lippincott Williams & Wilkins, who have been very helpful and gener- 
ous with their input. Special thanks, as well, goes to Bob Hurley at LWW, who has adeptly 
guided this textbook from original concept to publication. 


SWW 
January 1, 2010 
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Intramedullary Fixation of 
1 Forearm Shaft Fractures 


Charles T. MehIlman 


DEFINITION 


=" Forearm shaft fractures represent the third most common 
fracture encountered in the pediatric population.’ 

= Closed fracture care is successful in the large majority of 
children who sustain forearm shaft fractures (especially the 
common greenstick fracture pattern). 

=" For children who are 8 to 10 years of age and older with 
complete fracture patterns, the limits of acceptable displace- 
ment (angulation, rotation, and translation) become more 
strict and the likelihood of surgical intervention increases.” 


ANATOMY 


=" The forearm represents a largely nonsynovial two-bone joint 
with a high-amplitude range of motion (roughly 180 degrees). 
In the fully supinated anteroposterior (AP) plane the radius 
bows naturally out and away from the relatively straight ulna, 
while both bones are predominantly straight in the lateral plane. 
= Anatomically the shaft of the radius extends from the most 
proximal aspect of the tubercle of Lister (which approximates 
the distal metaphyseal—diaphyseal junction) to the proximal 
base of the bicipital tuberosity. The shaft of the ulna corre- 
sponds to these same points on the radius (FIG 1).°°° 

=" In unfractured bones the normal orientation of the radial 
styloid and bicipital tuberosity is slightly less than 180 degrees 
from one another, while the ulnar styloid and coronoid 
process come closer to a true 180-degree relationship. 

= Classically, forearm shaft fractures are divided into distal 
third (pronator quadratus region), central third (pronator teres 
region), and proximal third (biceps and supinator region). 
These anatomic relationships offer insight into the deforming 
forces acting on the fractured forearm (FIG 2). 


PATHOGENESIS 


=" Forearm shaft fractures most commonly occur secondary to 
a fall on an outstretched arm and usually involve both bones. 
Forward falls tend to involve a pronated forearm and back- 
ward falls a supinated forearm. 

= Single-bone forearm shaft fractures should raise significant 
suspicion regarding the presence of a Galeazzi or Monteggia- 
type injury (see Chap. PE-52). 

=" Mechanisms of injury that involve little rotational force result 
in forearm fractures at nearly the same levels, while greater ro- 
tational force results in fractures at rather different levels. 


NATURAL HISTORY 


=" The remodeling potential of the pediatric forearm shaft has 
been well documented and is considered to be most pre- 
dictable in children less than about 8 to 10 years of age. 
=" Spontaneous correction and improvement of malaligned 
shaft fractures are considered to occur in young children via 
three mechanisms: 
= Adjacent physes produce “straight bone” via normal 
growth. 


" Physeal orientation tends to “right its horizon” via the 
Hueter-Volkmann law. 
= True shaft remodeling occurs via Wolff’s law.’ 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" The clinician should gather as much pertinent information 
as possible regarding the mechanism of injury (eg, a fall from 
the bottom step of the playground sliding board may be much 
different from a fall from the top step of the same sliding 
board). 

= The clinician should determine whether the patient has any 
other complaints of pain beyond the forearm shaft region (eg, 
wrist or elbow tenderness). Any perceived deformity or pain to 
palpation should trigger dedicated radiographs of the prob- 
lematic region. 

=" The clinician should elicit any past history of fracture or 
bone disease in the patient or the patient’s family. 

= Physical examination of the skin of the child’s forearm 
should be performed to rule out the presence of an open frac- 
ture. Any wound, no matter how small or seemingly superfi- 
cial, should be carefully evaluated. Persistent bleeding or ooz- 
ing from a small suspicious wound should be considered an 
open fracture until proven otherwise. 

=" The environment of the injury has special significance for 
open fracture management. For instance, farm-related injuries 
may alter the treatment regimen for the patient. 

=" Multiple trauma or high-energy trauma scenarios dictate 
that a screening orthopaedic examination be performed to 
help rule out injuries to the other extremities as well as the 
spine. 

=" Brachial, radial, and ulnar pulses should be palpated and 
distal capillary refill should be assessed. 

= Sensory examination should include, at minimum, light 
touch sensation testing (or pin prick testing if necessary) of the 
autonomous zones of the radial, ulnar, and median nerves. 
Older children may be able to comply with formal two-point 
discrimination testing. 


Proximal base 
of bicipital tuberosity 





Proximal base 
of Lister's tubercle 


FIG 1 The radial diaphysis extends from the most proximal as- 
pect of the tubercle of Lister to the proximal base of the bicipi- 
tal tuberosity. The ulnar diaphysis corresponds to these same 
points on the radius. 
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FIG 2 © Forearm shaft fractures are divided into distal third 
(pronator quadratus region), central third (pronator teres re- 
gion), and proximal third (biceps and supinator region). 


=" It has been said that you need only a thumb to test the 
motor function of all three major nerves: radial nerve = exten- 
sor pollicis longus, ulnar nerve = adductor pollicis, median 
nerve = opponens pollicis. 
= Peripheral nerves in the fractured extremity are assessed 
with the “rock-paper-scissors” method. 
" The radial nerve (really the posterior interosseous nerve in 
the forearm) is tested with “paper”—extension of the fin- 
gers and wrist well above a zero-degree wrist position. The 
autonomous zone is the dorsal web space between the 
thumb and index finger. There is a risk of iatrogenic injury 
during surgical exposure of the proximal radial shaft. 
" The ulnar nerve is tested with “scissors”—adducted 
thumb, abducted fingers, and flexor digitorum profundus 
function to ring and pinky. The autonomous zone is palmar 
tip pinky finger. This is the most common iatrogenic nerve 
injury after internal fixation of forearm shaft fractures. 
" The median nerve is tested with “rock.” The autonomous 
zone is palmar tip index finger. The median is the most com- 
monly injured nerve after closed or open forearm shaft 
fractures. 
= The anterior interosseous nerve is tested with the “okay” 
sign. Flexion of the distal interphalangeal of the index finger 
and the interphalangeal of the thumb herald flexor digitorum 
profundus and flexor pollicis longus function of these digits. 
This is a motor branch only (it has no cutaneous innervation, 
only articular). Isolated palsy has been reported secondary to 
constrictive dressings and after proximal ulna fracture. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" AP and lateral radiographs (two orthogonal views) that 
include the entire radius and ulna are essential for proper di- 
agnosis of forearm shaft fractures in children (FIG 3). If suspi- 





FIG 3 e AP and lateral radiographs of boy age 9 years and 
11 months with a forearm shaft fracture. 


cion exists for compromise of the distal or proximal radioul- 
nar joints (Galeazzi or Monteggia injuries), dedicated wrist 
and elbow radiographs are also indicated. 

= If fracture angulation is noted on both orthogonal forearm 
views, the true fracture angulation exceeds that measured on 
either individual view (FIG 4). 





FIG 4 e A. Out-of-plane AP and lateral views of a 45-degree- 
angulated iron pipe. B. True AP and lateral views of the same pipe. 
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Practical Classification of 
Forearm Shaft Fractures 





Bones: Single-bone fractures occur but both-bone injuries predominate. 
Radius 
Ulna 
Level: Fracture level has bearing on nonoperative versus operative 
decision making. 
Distal third 
Middle third 
Proximal third 
Pattern: Fracture pattern has bearing on nonoperative versus operative 
decision making. 
Bow (also known as plastic deformation) 
Greenstick 
Complete 
Comminuted 


= The radiographs should be used to classify the forearm frac- 
ture in a practical fashion with respect to “2 bones, 3 levels, 
4 fracture patterns” (Table 1). This is akin to describing bone 
tumors in terms of matrix, margins, and so forth. 


DIFFERENTIAL DIAGNOSIS 


=" Galeazzi injury (concomitant distal radioulnar joint 
disruption) 

=" Monteggia injury (concomitant proximal radioulnar joint 
disruption) 

=" Coexisting distal humeral fracture (eg, supracondylar 
humeral fracture, also known as floating elbow) 

=" Open fracture (the clinician must be beware of small, 
innocuous-appearing wounds) 

=" Compartment syndrome (more common in setting of float- 
ing elbow and extended efforts at indirect reduction of 
difficult-to-reduce fractures) 


NONOPERATIVE MANAGEMENT 


=" Nonoperative (closed) fracture management is used in the 
vast majority of pediatric forearm shaft fractures. 

= Successful nonoperative treatment requires an eclectic mix 
of anatomic knowledge, skillful application of reduction tech- 
niques, appreciation for remodeling potential, and respect for 
the character of the soft tissue envelope. 

=" Greenstick fracture patterns retain a degree of inherent sta- 
bility; intentional completion of these fractures is mot recom- 
mended. Davis and Green reported a 10% loss of reduction 
rate with greenstick fractures and a 25% rate with complete 
fractures.” 

=" Greenstick fracture patterns often involve variable amounts 
of rotational deformity such that when the forearm is appropri- 
ately derotated, reduction of angulation occurs simultaneously. 
= Apex volar greenstick fractures are considered to represent 
supination injuries that require a relative degree of pronation 
to effect reduction. 

= Apex dorsal greenstick fractures are considered to be prona- 
tion injuries that require supination to aid reduction. 

= Classic finger-trap and traction reduction techniques are 
probably best reserved for complete both-bone fracture pat- 
terns. When dealing with complete both-bone shaft fractures, 


respect should be paid to the level of the fractures when 
choosing a relatively neutral, pronated, or supinated forearm 
position. 

= Price has suggested that estimated rotational malalignment 
should not exceed 45 degrees.* The related concepts of main- 
tenance of an appropriate amount of radial bow and in- 
terosseous space on the AP radiograph must also not be for- 
gotten, but precise criteria do not exist at this time. 

= Initial above-elbow cast immobilization is the rule for all 
forearm shaft fractures, as this appropriately controls 
pronation-supination as well as obeying the orthopaedic 
maxim of immobilizing the joints above and below the frac- 
ture. An extra benefit of above-elbow immobilization relates 
to the activity limitation it imposes; in some instances this may 
increase the chances of maintaining a satisfactory reduction in 
an otherwise very active customer. 


SURGICAL MANAGEMENT 


= Flexible intramedullary nail treatment of pediatric forearm 
shaft fractures focuses predominantly on displaced complete 
fractures, many of which may have minor comminution (but- 
terfly fragments usually less than 25% of a shaft diameter). 

=" When efforts at closed fracture management do not achieve 
and maintain fracture reduction within accepted guidelines, 
surgical treatment is indicated. 

=" When complete fractures occur in children younger than 
about 8 to 10 years of age with angulation of at least 20 de- 
grees in the distal third, 15 degrees in the central third, or 
10 degrees in the proximal third, risk—-benefit discussions are 
appropriate regarding further efforts at fracture reduction and 
possible internal fixation.**'° 

= Lesser measured angulation associated with significant fore- 
arm deformity (as defined in a discussion between the or- 
thopaedic surgeon and the parents) may also prompt interven- 
tion in selected children. 

=" Complete forearm shaft fractures in children older than 8 to 
10 years of age should be evaluated very critically with the in- 
tention to accept no more than 10 degrees of angulation at any 
level.?:!° Compromise (loss) of interosseous space should also 
be considered, as well as rotational malalignment (difficult to 
assess precisely) when debating the merits of continued cast 
treatment versus flexible intramedullary nail fixation. 


Preoperative Planning 


=" Rotational alignment of the radius and ulna should be as- 
sessed and estimated using the guidelines mentioned in the 
Anatomy section. Concern is increased if greater than 45 de- 
grees of rotational malalignment is judged to be present. 

=" Measurement of the narrowest canal diameter of the radius 
(usually midshaft) and ulna (usually distal third) will aid in the 
selection of appropriately sized intramedullary nails. Implants 
2 mm in diameter or smaller are commonly used, and the 
same-sized nail is used in each bone. It is far worse to select 
implants that are too big rather than too small. 

= Assessment of existing or impending comminution is pru- 
dent. Significant comminution may lead the surgeon to choose 
plate fixation over intramedullary fixation for one or both 
bones. 

= Assessment of the soft tissue envelope of the forearm is im- 
portant. Tense swelling of the forearm certainly increases sus- 
picion for compartment syndrome, and the surgeon should be 
prepared to measure compartment pressures accordingly. 
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FIG 5 e My preferred operating room set-up, with the injured 
arm on the radiolucent hand table and the C-arm properly 
positioned. 


Positioning 

= The patient is placed in a supine position on the operating 
room table with the involved extremity positioned on a sturdy 
hand table to allow easy, unobstructed radiographic visualiza- 
tion of the entire forearm (FIG 5). 

=" In general, the monitor for the portable fluoroscopy unit 
should be positioned near the end of the operating table, op- 
posite the imaging unit (C-arm). 

= A nonsterile tourniquet may be applied about the upper arm 
(near the axilla) before preparation and draping, but it is zot 
routinely inflated. 

= The limb is appropriately prepared and draped, with care 
being taken to ensure that the first layer is a sterile impervious 
one (eg, blue plastic U-drape). The C-arm is also appropriately 
protected with a C-arm sterile plastic drape and an additional 
sterile skirt (usually a sterile paper half-sheet). Without this 
sterile skirt certain limb positions and certain surgical maneu- 
vers occur far too close to nonsterile territory. 


Approach 


= Physeal-sparing distal radial entry is routinely obtained via 
the floor of the first dorsal compartment (alternately, the inter- 
val between the second and third dorsal compartments near 
the proximal base of the tubercle of Lister may be used). 

=" Physeal-sparing proximal ulnar entry is typically achieved 
via an anconeus starting point just off the posterolateral ridge 
of the olecranon. The true tip of the olecranon is avoided as an 
entry point because it needlessly violates an apophyseal 
growth plate, and a subcutaneous nail in this region often 
leads to painful olecranon bursitis. 

= In complete both-bone fractures the radius is routinely ap- 
proached first as it is considered to be the more difficult bone 
to reduce. 

=" No power instruments are required for completion of the 
procedure. Key instruments are a stout sharp-tipped awl and 
T-handled chucks that achieve a firm grip on the flexible nail 
such that it can be rotated as needed (FIG 6). 





FIG 6 e Valuable tools for intramedullary nailing of pediatric 
forearm fractures. 





DISTAL RADIAL ENTRY POINT (PHYSEAL-SPARING) 


= Using fluoroscopy (C-arm), a physeal-sparing distal radial 
incision is fashioned overlying the first dorsal compart- 
ment (TECH FIG 1A). 

= Care is taken to protect branches of the superficial radial 
nerve. A short portion of the first dorsal compartment is 
opened. 





= The tendons within the first dorsal compartment are re- 
tracted and protected before the awl engages the distal 
radius (TECH FIG 1B). 

= After fluoroscopic confirmation of starting awl position, 
partial right and left rotations (not full turns) are used to 


TECH FIG 1 e Repair of forearm fracture of 
the patient in Figure 3. A. Physeal-sparing 
incision fashioned with fluoroscopic assis- 
tance. B. The surgeon must identify and pro- 
tect the abductor pollicis longus and exten- 
sor pollicis brevis. (continued) 
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TECH FIG 1 e (continued) C,D. AP and lateral fluoroscopic confirmation of entry point. E. Well-seated and slightly 
angulated awl. 


gain satisfactory distal radial entry. A two-handed awl 
technique is used. 

Satisfactory intramedullary awl position is confirmed by 
a gentle “bounce” against the far cortex as well as fluo- 
roscopic AP and lateral projections (TECH FIG 1C-£). 
The awl is temporarily left in its intraosseous position 
before insertion of the radial flexible intramedullary 
nail. Thus, the surgeon's ability to judge both the por- 
tal location and the angle of nail entry will be facili- 
tated by immediate sequential awl removal and nail tip 
insertion. 


Reduction and Nail Passage Within 
the Radius 


The flexible nail for the radius is contoured such that it 
will re-establish appropriate radial bow. Nail contouring 





is gradual, smooth, and substantial. Acute bends in the 
nail should not be apparent (TECH FIG 2A-C). 

Entry into the distal radius entry site should be directly 
visualized, and the feel of the nail within the in- 
tramedullary canal offers distinct tactile feedback called 
“scrape.” Entry is further confirmed fluoroscopically 
(TECH FIG 2D). 

The radial nail is gently advanced up to the level of the 
fracture. Reduction is achieved via a combination of lon- 
gitudinal traction and judicious use of AP compression 
with a radiolucent tool such as a vinyl Meyerding mallet 
(TECH FIG 2E). 

The nail is rotated to optimize nail passage across the 
fracture site (TECH FIG 2F—H), and then it is advanced to 
an appropriate depth within the proximal fragment 
(TECH FIG 21). 





TECH FIG 2 « Insertion and passing of the radial nail. A. Gentle contouring of the distal aspect of the radial 
nail is important, as overbending effectively increases the diameter of the implant and may lead to nail incar- 
ceration. B. The “channel bender” is an effective tool for creating a properly contoured radial nail. C. The apex 
of the contoured nail should be placed so as to recreate appropriate radial bow (slightly distal of midshaft ra- 


dius). (continued) 
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TECH FIG 2 « (continued) D. Under direct visualization, the contoured radial nail is manually inserted into 
the previously prepared entry point. Distinctive intramedullary tactile feedback (“scrape”) should be de- 
tected and the implant advanced as far as possible using only the surgeon’s hands. Note the trajectory of 
the nail (tip points radially), as this nail orientation should be maintained during most of the procedure. 
E. Appropriate longitudinal traction needs to be applied by an assistant, as well as supplemental reduction 
forces such as that provided by the broad flat surface of a vinyl Meyerding mallet. F. The bent tip of the 
nail (the “fang”) approaches the fracture site after being advanced as far as possible without using a ham- 
mer. “Manual forces only” should be used as much as possible to advance the nail within the canal using a 
properly tightened T-handle or similar chuck. G. As the fang crosses the fracture site, proximal fragment in- 
tramedullary canal entry is often facilitated by nail rotation. At this point finesse is much, much more im- 
portant than brute strength. H. Once the nail properly enters the proximal fragment, the position is radi- 
ographically confirmed and the nail is rotated back toward its “entry trajectory.” I. The nail is advanced to 
an appropriate level in the region of the radial neck and rotated so as to properly recreate radial bow. 
Restoration of radial bow can be quite striking when visualized under live C-arm imaging. When radial nail 
contouring is preserved during the insertion process, the nail should be rotated 180 degrees such that the 
fang points in an ulnar direction. If this position does not optimize radial bow, then live C-arm imaging will 
allow the surgeon to choose the nail rotation that does. 
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PROXIMAL ULNA ENTRY POINT (PHYSEAL-SPARING) 





An entry point is selected on the lateral edge of the sub- 
cutaneous border of the proximal ulna. The skin is 
touched but not pierced by the awl (TECH FIG 3A). 
Once correct position is confirmed fluoroscopically, the 
awl is used to gain percutaneous entry to the in- 
tramedullary canal of the proximal ulna (TECH FIG 3B). 
A mildly contoured (ie, nearly straight) flexible nail is 
inserted into the proximal ulna intramedullary canal 
(TECH FIG 3C). 

Proper position within the proximal ulna is confirmed 
fluoroscopically (TECH FIG 3D). 


‘a Be 


Reduction and Nail Passage Within 
the Ulna 





The ulna is reduced and the nail is passed across the frac- 
ture site in a manner similar to the radius. If open reduc- 
tion becomes necessary, a simple Mueller (AO-type) ap- 
proach to the ulna is used (exploiting the interval be- 
tween the extensor carpi ulnaris and the flexor carpi 
ulnaris). 

The ulnar nail is cut such that it is subcutaneous yet eas- 
ily palpable. 





TECH FIG 3 e Insertion and passing of the ulnar nail. A. As opposed to the radial entry point, where a true incision 
is very important to allow protection of nerves and tendons, true percutaneous entry is an option for the anconeus 
starting point (distal to olecranon physis and just lateral off the ridge of the ulna). B. Radiographic confirmation of 
an acceptable awl entry point as well as awl trajectory is necessary. Anconeus entry is preferred over true tip-of-the- 
olecranon entry for two reasons: the anconeus entry point avoids unnecessary physeal injury and also decreases the 
likelihood of large painful olecranon bursae. C. The ulnar nail is contoured in a far more gentle fashion as the ulna 
is a predominantly straight bone compared to the radius. After manual nail entry, the ulnar nail is advanced with 
the use of a chuck. Note the 90-degree-flexed position of the elbow and the 90-degree external rotation of the 
shoulder. D. Similar nail advancement technique is used for the ulna, with the exception of any dramatic nail rota- 


tion maneuver at the end of nail insertion. 


FINAL ROTATION AND CUTTING OF THE RADIAL NAIL 


The precontoured radial nail is rotated so as to optimize 
and normalize the anatomic bow of the radial shaft. This 
step is most dramatic when performed under several sec- 
onds of live fluoroscopic imaging. 

Appropriate full-length forearm imaging must be per- 
formed at the end of the case to ensure an acceptable ro- 
tational relationship between the radial styloid and the 


bicipital tuberosity, as well as the ulnar styloid and the 
coronoid process. 

Care must be taken when cutting the radial nail. If the 
nail is too short, removal will be difficult and dorsal com- 
partment tendons adjacent to a sharp nail edge will be 
at risk. Thus, the nail should be cut to protrude beyond 
the tendons while still remaining subcutaneous. 


CLOSURE, DRESSING, SPLINTING, AND AFTERCARE 


Closure of the radial entry site is performed with ab- 
sorbable subcutaneous and subcuticular suture and Steri- 
Strips. Care is taken to protect branches of the superficial 
branch of the radial nerve (TECH FIG 4A,B). 


Light Xeroform, sterile gauze, and Tegaderm dressings 
are applied to the surgical sites (TECH FIG 4C-E). 

A removable forearm fracture brace may also be applied 
to increase patient comfort (TECH FIG 4F). 
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TECH FIG 4 e My preferred closure, dressing, and 
splinting technique. A. Several interrupted ab- 
sorbable sutures (typically 3-0 Vicryl) are used for 
closure of the subcutaneous and subcuticular 
portion of the radial wound. Steri-Strips are 
added for final wound closure (B), followed by 
Xeroform and sterile gauze (C), and a Tegaderm 
dressing (D). E. A similar dressing consisting of 
Xeroform, sterile gauze, and Tegaderm is ap- 
plied to the proximal ulnar wound. F. A remov- 
able Velcro forearm fracture brace is applied at 
the end of the procedure. 





PEARLS AND PITFALLS 





Which bone to reduce and fix first? 


= Once one bone is successfully reduced and stabilized via indirect techniques, achieving the 


same for the second bone will be more difficult. Thus, the radius should be stabilized first, as 
it is “deeper.” Then, if required, exposure of the nearly subcutaneous ulna is relatively easy. 


How much flexible nail should be 
left extruding from the bone? 


At what point should efforts at 
closed reduction be abandoned in 
favor of a limited open reduction? 


® If it is too long, soft tissue adjacent to sharp nail edges is at risk. If it is too short, nail 
removal will be needlessly difficult. 


= | use the “three strikes and you're out” rule (three low-amplitude shots at crossing the 
fracture site) or the “11-minute rule.” Once either or both are violated, | convert the case 
to an open reduction. Remember, cases of forearm compartment syndrome have been at- 


tributed to extended efforts at indirect reduction. 


What if an intramedullary nail 
seems to become incarcerated 
after crossing the fracture site? 


What if sterile intraoperative 
radiographs suggest malrotation 
of one or both of the forearm 
bones? 


= The surgeon should remove the nail and convert to one of a smaller diameter before 
creating new comminution or distracting the fracture site. Distracted fracture fragments 
may lead to nonunion. 


= The surgeon should back the offending nail up a bit and see if improved rotational 
alignment of the fracture fragments can be obtained via forearm rotation and T-handle 
chuck manipulation. The surgeon then re-advances the nail to hold position. If this does 
not work, the surgeon should consider switching to a smaller-diameter nail as in- 


tramedullary interference fit may be excessive. 


When should the flexible nails be 
removed? 
atric fractures. 


POSTOPERATIVE CARE 


=" Other than patients with open fracture, flexible nailing of 
the forearm can be performed as a outpatient procedure so 
long as there are absolutely no concerns about swelling or 
compartment syndrome. 

=" Oral prophylactic antibiotics may be continued for several 
doses postoperatively if desired, but usually an appropriately 
administered preoperative intravenous antibiotic (within 2 
hours of the surgical incision) is all that is required. 


= The originators of this technique suggest nail removal by about the sixth postoperative 
month. Forearm shaft fractures have the highest refracture rate (about 12%) of all pedi- 


= The patient is allowed immediate active elbow and hand 
motion. Concerns about rotational stability after flexible nail 
stabilization seem to have been vastly overstated, and above- 
elbow immobilization is not required. 

= As there are no sutures to remove, outpatient follow-up may 
occur in 4 to 6 weeks (FIG 7A,B). 

=" The originators of this procedure have suggested that 
the nails be removed by about the sixth postoperative month 
(FIG 7C,D). 
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FIG 7 © Postoperative AP and lateral radiographs at 4 weeks 
(A,B) and 1 year (C,D) of the patient in Figure 3 and all 
Techniques Figures. 


OUTCOMES 


= At this time no randomized trials comparing flexible in- 
tramedullary nailing of forearm shaft fractures versus cast 
treatment have been conducted. 

= A systematic review of English-language reports comparing 
flexible nailing to cast treatment found a significantly lower 
risk of forearm stiffness with nailing (25% stiffness with cast- 
ing versus 5% with flexible nailing). This comes at the price of 
a higher rate of minor complications (21%) with surgery ver- 
sus casting (6%).° 


= The largest published series* of pediatric forearm shaft frac- 
tures treated using flexible intramedullary nailing showed 
92% excellent results with full range of motion at an average 
of 3.5 years of follow-up.* 


COMPLICATIONS 


= Sensory neurapraxia (usually the superficial branch of the 
radial nerve) occurs at a rate of at least 2% after flexible in- 
tramedullary nailing. These deficits are almost always tempo- 
rary, resolving over weeks to months. 

=" The deep infection rate (osteomyelitis) after flexible in- 
tramedullary nailing of pediatric forearm shaft fractures is less 
than 0.5%; this can be compared to the reported 5% rate of 
osteomyelitis after plate fixation of similar fractures.” 

= Extensor tendon injury (especially the extensor pollicis 
longus) has been reported by multiple authors and may occur 
during nail insertion or nail removal as well as when tendons 
repetitively glide past a sharp nail tip (slowly sawing the ten- 
don in two). Radial entry through the floor of the first com- 
partment may minimize this complication (versus entry be- 
tween the second and third compartments). 

= In the clinical setting of forearm shaft fractures coexisting 
with ipsilateral humeral fracture (floating elbow), the inci- 
dence of compartment syndrome may be as high as 33%. 
When longer operative times are required (about 2 hours), a 
7.5% rate of compartment syndrome has also been reported. 

=" Delayed union and nonunion are decidedly rare after flexi- 
ble intramedullary nailing of pediatric forearm fractures. If ei- 
ther delayed union or nonunion occurs, there is usually some 
explanation, such as a technical error (eg, too large an in- 
tramedullary implant distracting the ulnar fracture site), infec- 
tion, or neurofibromatosis. 

=" There should be a 5% or less chance of long-term forearm 
stiffness after flexible intramedullary forearm shaft fixation. 
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DEFINITION 


= Lateral condyle fractures refer to fractures of the lateral as- 
pect of the distal humerus and may involve any or all of the 
following: metaphysis, physis, epiphysis, and articular surface. 
=" Fractures of the lateral condyle of the distal humerus ac- 
count for 10% to 15% of all pediatric elbow fractures, second 
in frequency only to supracondylar distal humerus fractures. 
=" Nondisplaced fractures may hinge on the articular cartilage, 
making them more stable than their unstable, displaced 
counterparts. 


ANATOMY 


=" Proximally, lateral condyle fractures almost always include 
some portion of the posterolateral metaphysis and then prop- 
agate along the physis before exiting through or around the os- 
sification center of the capitellum. 
= The articular cartilage may or may not be violated. 
=" The extensor carpi radialis longus and brevis muscles and 
lateral collateral ligament typically remain attached to the dis- 
tal fragment. 
= Anterior and posterior portions of the elbow joint capsule 
may be torn if there is significant displacement. 
=" Milch classified lateral condyle fractures based on the distal 
portion of the fracture line (FIG 1). 
" Milch type I fractures (the less common) traverse the 
metaphysis and physis as well as extend across the ossifica- 
tion center of the lateral condyle. 
= Milch type II fractures (the more common) extend from 
the metaphysis, through the physis, and exit in the unossified 
trochlea, medial to the capitellum ossification center. 
Displacement of the trochlear crista allows lateral translation 
of the forearm and increases the instability of this pattern. 
= It is difficult to apply the Salter-Harris classification system 
to lateral condyle fractures since portions of the distal humeral 
epiphysis may not yet be ossified. 
" A fracture propagating from the metaphysis through the 
physis and then through the capitellum ossification center 
(Milch I) is analogous to a Salter-Harris type IV fracture. 
" A fracture that extends from the metaphysis through the 
physis and exits through the unossified trochlea medial to 
the capitellar ossification center (Milch II) may appear radi- 
ographically analogous to a Salter-Harris type II fracture, 
but its involvement of the articular cartilage is analogous to 
Salter-Harris types III and IV. 
= A numeric classification system identifies fractures based on 
displacement. 
" Stage I fractures involve the metaphysis and physis but do 
not violate the articular cartilage, thus limiting their ability 
to displace. 
= Stage II fractures cross the articular surface but are mini- 
mally displaced. 


10 


Open Reduction and Internal 
Fixation of Displaced Lateral 
Condyle Fractures of the 
Humerus 


Mi a anmntuniivwtinitmiminitn nt nn nn nn nnn nnn = 
Kristan A. Pierz and Brian G. Smith 


= Stage III fractures are displaced fractures that cross the 
metaphysis, physis, and articular surface, frequently result- 
ing in rotation of the distal fragment (FIG 2). 


PATHOGENESIS 


= The typical mechanism for a lateral condyle fracture is a fall 
on an outstretched hand. 

= Adduction of a supinated forearm with the elbow extended 
can result in avulsion of the lateral condyle. 

=" Axial load of the forearm combined with valgus force can 
also propagate a fracture through the lateral condyle. 

= Lateral condyle fractures usually occur as isolated injuries, 
although elbow joint subluxation and radial head or olecra- 
non fractures may be associated. 


NATURAL HISTORY 


= The natural history of lateral condyle fractures depends on 
the initial fracture displacement as well as the long-term via- 
bility of the growing physis. 

= Completely nondisplaced lateral condyle fractures may heal 
regardless of treatment. 

=" Nondisplaced fractures can displace over time if the articu- 
lar cartilage is violated or if there is significant associated soft 
tissue injury. 

=" Delayed union can occur even in nondisplaced fractures and 
may be due to poor metaphyseal circulation, bathing of the 
fracture in synovial fluid, or tension on the condylar fragment 
by attached muscles. 

=" Fractures that heal in near-anatomic alignment can yield ex- 
cellent functional and cosmetic outcomes. 





FIG 1 @ Milch classification of lateral condyle fractures is based 
on location. A. Type | fracture line passes through the ossific 
nucleus of the capitellum. B. Type Il fracture line passes medial 
to the capitellar ossific nucleus into the trochlear groove. 
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FIG 2 e Numeric classification of lateral condyle fractures is based on displacement. A. Stage 
| fractures are nondisplaced and do not violate the articular surface. B. Stage Il fractures 
violate the articular surface but are minimally displaced (0 to 2 mm). C. Stage III fractures 
are displaced more than 2 mm and may be rotated. 


= Lateral condyle fractures associated with lateral physeal 
arrest can result in valgus deformity and tardy ulnar nerve 
palsy. 

= Lateral condyle fractures associated with central physeal ar- 
rest can result in a “fishtail” deformity due to continued 
growth medially and laterally but limited growth in between. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Most patients report a fall, either on an outstretched hand 
or from some height, resulting in pain and inability to fully 
move the elbow. 

= It may be difficult to obtain a history from a young child; 
therefore, parents or caregivers may need to be questioned. 

= The clinician should be patient during the physical examina- 
tion. Young children may be very fearful. The clinician should 
ask the child to point to what hurts most, and this part should 
be examined last. This allows the clinician to establish the pa- 
tient’s trust and rule out other associated injuries. 

=" The clinician should look for obvious deformity, swelling, 
ecchymosis, and open wounds about the elbow. 

= The clinician should assess for pulses and capillary refill. 

= Sensation is assessed by comparison with the uninvolved 
side. Rather than stroking a finger and asking a young child, 
“Do you feel this?” the clinician can rub the same site on both 
hands and ask, “Does it feel the same or different?” 

=" Motor function is assessed by observing for spontaneous 
movement during the entire encounter. A scared child may 
refuse to move when asked by a physician but may demon- 
strate voluntary movement when asked by a parent or sibling. 
Being playful during the examination can help. For example, 
when testing for ulnar nerve function, asking a 5-year-old to 
show you how old he or she is may be more rewarding than 
asking the child to spread his or her fingers. 

=" The wrist and shoulder are palpated before touching the 
elbow. 

= A single finger is used to gently palpate the olecranon, me- 
dial epicondyle, posterior humerus, lateral condyle, and radial 
head to try to localize the site of injury. Crepitus suggests dis- 
placement and instability of the fracture fragment. 

= Increased motion during varus stress testing suggests insta- 
bility of the fracture. Due to pain, however, this test can rarely 


be done on an awake child. It is often reserved for intraopera- 
tive assessment rather than preoperative diagnosis. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Radiographs of a suspected lateral condyle fracture should 
include anteroposterior (AP), lateral, and internal oblique 
views (FIG 3A-C). 
=" Valgus and varus stress radiographs can provide informa- 
tion about the stability of the fracture. Since such films are 
poorly tolerated in an awake child, they are rarely obtained 
outside of the operating room. 
=" For nondisplaced or minimally displaced fractures, magnetic 
resonance imaging (MRI) can be used to determine whether 
the articular surface is violated (FIG 3D). 
" Such studies, however, are expensive, are rarely needed 
for surgical decision making, and frequently require seda- 
tion in young children, so they are not obtained routinely. 
= Arthrograms can provide detail about the articular con- 
gruity of lateral condyle fractures but are typically reserved for 
intraoperative assessment (FIG 3E). 


DIFFERENTIAL DIAGNOSIS 


Contusion 

Lateral collateral ligament strain or sprain 
Radial head or neck fracture 
Supracondylar distal humerus fracture 
Transphyseal fractures 

Medial condyle fractures 

Proximal ulna or Monteggia fractures 
Elbow dislocation 


Child abuse 
NONOPERATIVE MANAGEMENT 


=" Nonoperative management of lateral condyle fractures is 

typically reserved for nondisplaced or minimally displaced 

(less than 2 mm) fractures. 

= The upper extremity is immobilized in a long-arm splint or 

cast with the elbow flexed 90 degrees and the forearm in neutral. 
" Casts that are excessively heavy or short on the upper 
arm tend to slide down, thus increasing the risk of later 
displacement. 
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=" Follow-up radiographs should be obtained in 3 to 5 days to 
assess for further displacement. 
= If displacement occurs, operative treatment is indicated. 
= If the fracture remains nondisplaced, long-arm casting is 
continued for another week and then repeat radiographs are 
obtained. 
" Tf still nondisplaced, the fracture is maintained in a long- 
arm cast for 3 to 4 weeks or until there is radiographic evi- 
dence of fracture union. 
=" Delayed union may occur, requiring up to 12 weeks of im- 
mobilization. Poor vascularization of the fracture fragment 
and bathing of the fragment in articular fluid may contribute 
to this phenomenon. 


SURGICAL MANAGEMENT 


= Surgery is recommended for lateral condyle fractures with 
more than 2 mm of displacement or rotational deformity that 
occurs acutely or during the early follow-up period of nonop- 
erative treatment. 

= Closed techniques with percutaneous pinning are reserved 
for minimally displaced fractures with a congruous articular 
surface confirmed by arthrography. 

=" Open surgery is required for displaced fractures. 


Preoperative Planning 


= Preoperatively, a careful neurovascular examination should 
be performed and documented. Fortunately, unlike supra- 
condylar fractures, isolated lateral condyle fractures rarely 
have any associated neurovascular injury. 

= Plain radiographs, including AP, lateral, and internal oblique 
views, should be adequate to make the decision to operate. 








FIG 3 e AP (A), lateral 
(B), and internal oblique 
(C) radiographic images 
of lateral condyle frac- 
ture. D. Sagittal plane 
MRI showing lateral 
condyle fracture extend- 
Ing into joint with mini- 
mal displacement. 

E. Intraoperative arthro- 
gram. Dye is tracking 
into the fracture site me- 
dial to the capitellum. 


" Displacement of more than 2 mm indicates the need for 
surgical intervention. 
=" Displacement on two or more views suggests the need for 
Open treatment. 
= Displacement on only one view suggests that the fracture 
may be hinging on intact articular cartilage and may be treat- 
able by percutaneous techniques. 
=" Fractures with borderline displacement (2 to 3 mm) may be 
better assessed under anesthesia, where stress radiographs or 
an arthrogram can guide treatment. 


Positioning 

= The patient is placed in the supine position on the operating 
table and general anesthesia is induced. 

=" The child should be brought to the edge of the operating 


table to facilitate fluoroscopic imaging of the operative limb 
(FIG 4), 





FIG 4 e Positioning the patient on the edge of the table allows 
easy access for fluoroscopy. The base of the unit may be used as 
an arm table. 
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=" Care must be taken to prevent the patient’s head from 
rolling off the table’s edge. Placing a foam doughnut under the 
head can provide stability. 

= The receiving end of a standard fluoroscopy unit can be 
used as the operative table for the involved limb. Bringing the 
fluoroscopy unit up from the foot of the bed allows room for 


the surgeon and assistant to access the lateral side of the 
elbow. 
= Alternatively, a hand table may be used and the fluo- 
roscopy unit can be brought in after draping. 
= A sterile tourniquet is recommended to allow full access to 


the elbow after draping. 


CLOSED REDUCTION AND PERCUTANEOUS PINNING 


This technique is reserved for minimally displaced (2 to 

4 mm) fractures. 

Fracture stability should be assessed under anesthesia 

with varus stress radiographs and arthrography. 

Two divergent smooth pins are recommended. Although 

0.062-inch Kirschner wires are usually adequate, 5/64- 

inch Steinmann pins may be used in larger children. 

The first wire is placed through the skin into the lateral 

condyle to engage the metaphyseal fragment distally. 

=" The wire should be directed from distal lateral to 
proximal medial, penetrating the cortex medially. 

A second wire is then placed in a similar manner, diverg- 

ing at the fracture site. 

= Increasing the distance between the wires at the frac- 
ture site increases stability (TECH FIG 1A). 


Wires may cross the ossification center of the capitellum 
to improve divergence (TECH FIG 1B,C). 

Occasionally, a third wire is needed. This wire is added if, 
after placing the first two wires, there is still motion at 
the fracture site when the elbow is varus stressed under 
fluoroscopy. 

The wires can be cut and bent 90 degrees outside of the 
skin. 

Sterile felt can be placed between the skin and the cut 
end of the wire. This helps prevent the cut end of the 
wire from digging into the skin during the postoperative 
swelling phase. 








TECH FIG 1 e A. Intraoperative fluoroscopic 
image showing two percutaneously placed 
Kirschner wires stabilizing a lateral condyle 
fracture. B,C. AP and lateral views of frac- 
ture treated with two divergent Kirschner 
wires. 
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OPEN REDUCTION AND INTERNAL FIXATION 







= Unstable fractures require open treatment. This includes Fyacture Reduction 
acutely displaced fractures as well as originally nondis- a 
= ~The goal of reduction is to achieve a congruent articular 
placed fractures that displace during early follow-up. diriacoui near anyetcn-or 
7 a ' 
Exposure Lifting me anterior soft tissues with a Zenker peectOrier 
similar instrument can allow direct visualization and in- 
= The lateral Kocher approach is used, although the dissec- spection of the articular surface 
tion is typically facilitated by the rent in the brachioradi- = A Zenker retractor is narrow and angled, which makes 
alis that leads nirectly to the:lateral conayle. it useful for lifting and retracting the anterior soft tis- 
= A 5- to 6-cm curvilinear incision is used, with two thirds sues without unnecessary stretch (TECH FIG 3A) 
of the incision proximal and one third distal to the elbow = A small finger or elevator can be placed into the an- 
JOINt TECH de 2A). _ terior elbow joint to palpate the trochlear—capitellar 
= The interval is between the brachioradialis and the tri- junction 
ceps down to the lateral humeral condyle. The anterior mw A-conmmon iotcnenterccan be-a-ueetulinetaiment in 
articular surface of the elbow joint is exposed by work- Pirewace 
ing from proximal to distal and retracting the soft tissues = Bending the outer tines back decreases the width of 
of the antecubital fossa anteriorly. _ the fork and allows the central tines to fit into a small 
=" Although the fracture hematoma can obscure distinct wetnd 
muscular planes, a tear in the aponeurosis of the bra- = The central tines can be used to engage the distal 
chioradialis may lead directly to the fracture site. fragment, which is then rotated and pushed into 
= Dissection is kept anterior. Care should be taken to avoid position 
stripping any of the soft tissues from the posterior aspect = Gaps between the tines allow room for placement of 
of the fracture fragment while the soft tissues are ele- Kirschner wires (TECH FIG 3B) 
vated off the anterior distal humerus, since this contains 
the blood supply to the lateral condyle epiphysis (TECH 
FIG 2B). 
= Exposure is complete when the trochlear or medial ex- 
tent of the fracture can be assessed anteriorly. 
A 





TECH FIG 2 « A. Kocher-type lateral incision is marked by dot- 
ted line. X marks lateral condyle. * marks olecranon. 
B. Dissection is carried out anteriorly to expose the articular 
surface. 


TECH FIG 3 e A. The Zenker retractor is narrow and angled, 
making it ideal to elevate the anterior soft tissues. A pen is 
shown for reference. B. A sterilized standard kitchen fork can 
be a useful reduction tool. 





Chapter 2 ORIF OF DISPLACED LATERAL CONDYLE FRACTURES OF THE HUMERUS 


= Alternatively, a Kirschner wire can be placed into the 
distal fragment and used as a joystick to help control 
the reduction. 


Fixation 





Once the fragment is reduced, a smooth Kirschner wire is 

advanced from the metaphyseal portion of the distal 

fragment, across the fracture site, and into the medial 

cortex proximal to the fracture. 

A second Kirschner wire (or the original joystick wire) can 

now be advanced across the fracture site into the medial 

cortex. 

The wires can be cut and bent 90 degrees outside the 

skin to facilitate easy removal in the office in about 4 to 

6 weeks. 

= Alternatively, they can be cut very short and bent 
under the skin. This may decrease the risk of pin tract 
infection, but it requires a return to the operating 
room for pin removal (TECH FIG 4). 

If the wires are to be cut and bent outside the skin, the 

wires enter the skin through a separate stab site poste- 

rior to the incision. 

=" If a wire needs to be placed through the incision, it 
can be cut and the posterior skin can be pulled up and 
over the sharp cut end before closure. 

Increasing the gap between the wires at the fracture site 

increases rotational control. 


PEARLS AND PITFALLS 


In older children with a larger metaphyseal fragment, a 

compression screw can be used rather than wires. 

= The prominent screw head may be symptomatic after 
healing, however, thus requiring a return to the op- 
erating room for removal. 

= Compressive threads across immature cartilage can 
impede growth in younger children. 

=" This technique, therefore, is usually reserved for de- 
layed unions or nonunions. 

In many cases, closure of the lateral periosteum may be 

possible with sutures. Such closure may lessen the chance 

of lateral sour formation, add stability, and speed healing. 





TECH FIG 4 e After reduction and pinning, Kirschner wires may 
be cut and bent. Here they are to be buried under the skin. 


15 








Nonoperative management 


Postoperative bone spur 


Postoperative swelling 


Delayed union and nonunion 


Cubitus valgus and tardy ulnar nerve palsy 


Cubitus varus 


= Follow-up radiographs should be obtained within 3 to 5 days. 
= Any loss of reduction suggests instability and prompts the need for operative 
intervention. 


= A posterior or posterolateral metaphyseal bone spur frequently forms postopera- 
tively. This is best seen on lateral radiographs. The bony prominence may give the 
clinical appearance of cubitus varus. Fortunately, this tends to improve over time 
and rarely requires intervention. Warning the parents initially of the probability 
of the occurrence can reduce anxiety later. 


= Placing felt over the cut, bend ends of the wires onto the skin decreases the risk 
of skin swelling over or pressing into their sharp tips while in the cast. 
= Bivalving the cast decreases the risk of postoperative compartment syndrome. 


= This occurs more commonly in fractures treated nonoperatively. 
= Prolonged casting of up to 12 weeks may be needed. 
= |f the fracture does not heal, open reduction with bone grafting may be necessary. 


= Premature closure of the lateral physis may lead to gradual deformity as the 
medial side continues to grow. 

= Anatomic reduction decreases the risk. 

= Follow-up radiographs can reveal the deformity. 

= Nerve symptoms can take years to develop; therefore, patients should be 
counseled about signs and symptoms of ulnar nerve stretch. 


= Unstable fractures treated nonoperatively can displace proximally and laterally, 
allowing the elbow to drift into a varus position. 
= Doing careful early follow-up and fixing unstable fractures should prevent this. 
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POSTOPERATIVE CARE 


= The arm is placed in a long-arm cast with the elbow flexed 
90 degrees and the forearm in neutral to slight pronation. 
= If there is significant swelling, the cast can be bivalved in the 
operating room and overwrapped the following week. 
= Radiographs are obtained in 1 week to look for any loss of 
reduction. 
= Wires can usually be pulled in 4 to 6 weeks. 
" Authors have debated the exact timing. Although some 
have shown adequate healing by 3 weeks, a period of 4 to 6 
weeks is generally required; the decision should be based on 
radiographic evidence of early callus. 
=" Gentle early active range of motion is encouraged after wire 
removal. 
=" A removable posterior splint can be made for children who 
will not comply with activity modifications. 
= Physical or occupational therapy is rarely needed in children 
but may be recommended for those who fail to show improved 
range of motion. 


OUTCOMES 


= Patients who are treated quickly and whose fractures heal in 
an anatomic position with no subsequent growth arrest can 
expect excellent (90%) function and range of motion. 
Approximately 10% have minor loss of extension (10 to 15 
degrees) at 1 to 2 years. 

=" Outcome studies following patients into adulthood are 
lacking. 

= Patients who are treated with open reduction at 3 or more 
weeks after fracture are at greater risk for loss of range of mo- 
tion (about 34 degrees), premature physeal closure, valgus de- 
formity, tardy ulnar nerve palsy, and avascular necrosis, thus 
emphasizing the need for early treatment. 


COMPLICATIONS 


= Pin tract infections can occur but usually resolve after wire 
removal and oral antibiotics. 

=" Posterior or posterolateral metaphyseal bone spurs fre- 
quently form postoperatively and are best seen on lateral radi- 
ographs (FIG 5). Fortunately, these tend to smooth over time 
and are rarely symptomatic; thus, they usually require no 
treatment. 

=" Delayed union and nonunion are more common with non- 
Operative treatment than with surgical treatment. 

=" Malunion may occur in unstable fractures treated nonoper- 
atively or in those with premature growth arrest. 

= Avascular necrosis is more common after operative treat- 
ment than nonoperative management and is likely due to ex- 
cessive posterior stripping that disrupts the epiphyseal blood 


supply. 





FIG 5 « Lateral radiograph showing postoperative bone spur 
projecting from posterior metaphysis. 


= Tardy ulnar nerve palsy can develop slowly with progressive 
valgus deformity following premature growth arrest or 
nonunion. 
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DEFINITION 


= Trauma to the medial aspect of the elbow may cause a me- 
dial epicondyle fracture, which is an injury to the apophysis of 
the medial epicondyle. 


ANATOMY 


=" Medial epicondylar fractures involve the medial epicondylar 
apophysis on the posteromedial aspect of the elbow. 

= The flexor-pronator muscle mass arises from this apoph- 
ysis, including the palmaris longus, the flexor carpi ulnaris and 
radialis, the flexor digitorum superficialis, and one part of the 
pronator teres and the ulnar collateral ligament (FIG 1).° 


PATHOGENESIS 


=" A direct blow to the medial aspect of the elbow may cause 
a fracture to the medial epicondyle, but this is rare. 

=" More commonly, a fall on an outstretched arm causes an 
avulsion of the medical epicondyle via tension generated by 
stretch of the muscles attaching to it. Elbow dislocation is fre- 
quently associated with a medial epicondyle fracture and may 
occur with spontaneous reduction at the time of the injury 
(FIG 2), 

=" Considerable force applied to the arm may cause elbow dis- 
location and associated disruption of the ulnar collateral liga- 
ment. This ligament, the principal stabilizing ligament of the 
elbow, can avulse the medial epicondyle, and the apophyseal 
fragment may sometimes become lodged in the elbow joint.° 
=" Overuse may cause a chronic stress-type injury or an 
apophysitis, an example of which would be Little League 
elbow. 


Capsule 


Pronator teres 


Common flexor 
origin 


Ulnar collateral 
ligament 





FIG 1 © Anatomic landmarks and site of muscle and ligament 
attachments on medial epicondyle. 


oo a oer OE 


Open Reduction and Internal 
Fixation of Fractures of the 
Medial Epicondyle 


NT > 
Brian G. Smith and Kristan A. Pierz 


NATURAL HISTORY 


= The outcome of medial epicondyle fractures is related to the 
amount of fracture displacement and also the demands placed 
on the elbow by the patient. 
=" Minimally displaced fractures treated nonoperatively gener- 
ally do well, especially if the patient is not an athlete or if the 
fracture involves the patient’s nondominant arm. 
=" Untreated displaced fractures may lead to chronic medial 
elbow instability and even recurrent elbow dislocations. 
" Throwing athletes may have significant impairment in 
their sports activities.° 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" For any elbow injury, the mechanism of injury should be 
sought, with particular attention to the details of a fall. In chil- 
dren this may be difficult to elicit, but often a witness may be 
available. Medial epicondyle fractures frequently arise from a 
fall. 

= The two most important issues in the physical examination 
are to document neurovascular status and to assess for elbow 
stability. Determination of stability includes determination of 
whether the elbow is dislocated, which can be assessed clini- 
cally and confirmed radiographically. 

= Assessment of medial elbow stability is often important in 
determining treatment. 





FIG 2 *® Acommon mechanism of injury: a fall on an out- 
stretched arm causing either a “pull-off” or a “push-off” avul- 
sion of the medial epicondyle. 
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= A positive valgus stress test confirms medial elbow instabil- 
ity. Persistence of medial elbow stability may cause significant 
elbow disability in athletes or those doing heavy labor. 
Radiographs may confirm increased displacement of the me- 
dial epicondylar fragment. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Standard anteroposterior (AP) and lateral radiographs of 
the elbow are required, but oblique views are often helpful to 
visualize the medial epicondyle, which is on the posteromedial 
aspect of the distal humerus. 

=" Widening of the apophysis may be the only sign of injury, so 
comparison views of the unaffected elbow are often helpful to 
assess for amount of displacement. 

= If there is radiographic absence of the medial epicondyle and 
suspected joint incarceration, an arthrogram, CT scan, or MRI 
may be needed rarely. 


DIFFERENTIAL DIAGNOSIS 


=" Medial condylar fractures 
=" Supracondylar fractures 
= Elbow dislocation 


NONOPERATIVE MANAGEMENT 


=" Smith in 1950 became a strong advocate of nonoperative 
management of this injury, pointing out that the fracture in- 
volved an apophysis rather than a physis, and thus future 
growth was not compromised. He also documented that im- 
perfect reduction or even nonunion was not automatically as- 
sociated with a poor outcome in terms of elbow function and 
strength.” 
= A recent study from Sweden where all patients were treated 
nonoperatively showed 96% good to excellent results. Over 
60% of the patients had a fibrous union or nonunion.” 
=" Two studies have compared nonoperative and operative 
treatment. Bede and associates’ found that nonoperative treat- 
ment had better outcomes than operative treatment. 
" Farsetti and coworkers* demonstrated similar results in 
displaced fractures of nonoperative treatment and open 
reduction and internal fixation (ORIF) with Kirschner 
wires. 
= Indications for nonoperative management of medial epi- 
condyle fractures include patients who do not place high phys- 
ical demands on their elbows, and most nondominant elbows. 
= Nonoperative treatment encompasses splinting for 5 to 7 
days or until acute soft tissue swelling resolves and then early 
active range of motion starting as soon as possible after the 
injury. 
" Physical therapy may be required if range of motion is 
slow to return, but passive stretch may cause more injury 


and should be avoided. 
SURGICAL MANAGEMENT 


= Absolute indications 
" Incarceration of the medical epicondylar fragment in the 
joint 
" Associated elbow dislocation with ulnar nerve 
dysfunction 





FIG 3 e Injury film. The medial epicondylar fragment is displaced 
and located in the joint. 


= Relative indications 
" Elbow dislocation in a high-demand patient 
" A displaced fracture with medial elbow instability in a 
high-demand patient 


Preoperative Planning 


=" Careful review of radiographs is done to assess the elbow 
joint for reduction and to assess the amount of displacement 
of the medical epicondylar fracture (FIG 3). 

= A complete assessment of neurovascular status of the upper 
extremity is performed, with particular attention to the ulnar 
nerve examination. 

= A valgus stress test is performed to assess for medial elbow 
instability, typically under sedation or anesthesia. 
Positioning 

= The patient is placed supine on the operating table with the 
arm abducted 90 degrees at the shoulder and placed on a radi- 
olucent hand table. The arm is externally rotated such that the 
medial aspect of the elbow is accessible (FIG 4). 

= Alternatively, a C-arm image intensifier base may serve as 
the operating table for a smaller child or based on the 
surgeon’s preference. 

=" The surgeon should be positioned in the patient’s axilla for 
surgery. 





FIG 4 e Arm positioning and approach to the medial epicondyle, 
with the ulnar nerve course marked out. 


Chapter 3 ORIF OF FRACTURES OF THE MEDIAL EPICONDYLE 


OPEN REDUCTION AND INTERNAL FIXATION WITH CANNULATED SCREW 


TECH FIG 1 « A. Incision with ulnar nerve identified. B. The fracture fragment is mobilized. C. Fluoroscopic image showing 
two pins spanning the fracture fragment for rotational stability. D,E. Cannulated screw fixation shown fluoroscopically. 
F,G. Radiographs showing healed fracture. Heterotopic bone formation anteriorly can be seen on the lateral radiograph. 


Askin incision about 4 cm long is made centered over the 
medial epicondyle after inflation of a tourniquet on the 
upper arm (TECH FIG 1A). Often with displaced injuries, 
the fractured fragment is just subcutaneous and little 
dissection is required. 

The ulnar nerve should be identified and carefully pro- 
tected. Most experts do not recommend routine mobi- 
lization or transposition of the nerve. 

The fracture is identified and any organized hematoma 
is removed (TECH FIG 1B). 

The fracture is reduced with a towel clip. Elbow flexion 
and forearm pronation aid in reducing the fracture. 
Some surgeons suggest curettage of the apophyseal car- 
tilage to expedite healing of the fracture, which may 
persist as a healed apophysis if this is not done. This tip 
may be especially advantageous in the throwing athlete 
who Is eager to return to sports as soon as possible. 

The fracture is stabilized with one or two guide pins 
from the 4.0 cannulated screw set. 


SUTURE FIXATION 


Should the fracture cause comminution of the medial 
epicondyle, repair with sutures may be warranted in a 
high-demand patient or one with medial instability. 


Radiographs are checked to assess reduction and pin 

placement. 

The pin selected for overdrilling should not be in the ole- 

cranon fossa. The second pin provides rotational stability 

of the fragment during drilling and screw placement. 

An appropriate-length screw is selected and inserted 

over the guide pin, stabilizing the fracture. 

= A washer may be used to provide a wide surface area 
of fixation and prevent screw head migration. 

AP and lateral intraoperative radiographs should con- 

firm reduction and screw placement position (TECH FIG 

1C-G). 

Elbow stability should be checked and full range of mo- 

tion confirmed before closure. 

Standard skin closure is carried out, and the arm is 

splinted or casted at 90 degrees of elbow flexion. 





This would involve sutures placed directly in the tendi- 
nous tissue and secured to the periosteum adjacent to 
the bed from which the epicondyle was avulsed. 
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ROBERTS TECHNIQUE 


supinated. 
= The wrist and fingers are dorsiflexed. 





PEARLS AND PITFALLS 


=  Avvalgus stress is applied to the elbow with the forearm 


EXTRACTION OF MEDIAL EPICONDYLE FROM ELBOW JOINT: 


= As the position is reached, the fragment should be dis- 
lodged from the joint. 

= This technique is most effective in the first 24 hours after 
the injury, before much muscle spasm occurs.? 





Medial epicondyle fracture fragment should be fixed 

with a cannulated screw if possible rather than pins to have 
rigid fixation permitting early motion. 

Elbow motion is encouraged as soon as possible after surgery 
to minimize postoperative stiffness. 


POSTOPERATIVE CARE 


=" Postoperative management after open reduction of medial 
epicondyle fractures depends on the type and stability of the 
fixation of the epicondylar fragment. 

=" For ORIF with screws, initial splinting for 3 to 5 days in 
about 50 to 60 degrees of flexion is recommended, followed 
by early active range of motion. 

=" Some authors recommend a removable brace preventing val- 
gus stress but permitting full flexion and extension for 4 weeks. 
= In one recent series on young athletes with this injury re- 
paired with screw fixation, active range of motion out of the 
brace continued from weeks 5 to 8 postoperatively. At 8 weeks 
noncontact sports were allowed, and return to full activity was 
possible at 12 weeks after surgery.” 


OUTCOMES 


= Eight adolescent athletes undergoing ORIF with screw fixa- 
tion for this fracture had excellent results with no residual val- 
gus instability and full return to all sports. One patient had a 
loss of 5 degrees of hyperextension, but all other patients had 
recovery of full range of motion.” 

=" In another series, 21 of 23 patients treated operatively had 
recovery of full movement, whereas only 14 of 20 patients 
treated nonoperatively had full range of motion.° 

= A recent series of operative treatment and early motion in 
25 patients with displaced fractures showed good to excellent 
results in all patients.” 


= The surgeon must beware of a medial epicondyle that is 
absent on radiography: it may be trapped in the joint. 


= The surgeon must document radiographically that the 
internal fixation is not in the olecranon fossa, where it may 
block elbow extension. 


COMPLICATIONS 


=" Failure to diagnose joint entrapment of the medial epi- 
condyle fracture 

=" Ulnar nerve dysfunction 

= Loss of range of motion 

=" Nonunion 

=" Myositis ossificans 
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Open Reduction of 
4. Supracondylar Fractures 
of the Humerus 


Jennifer J. Winell and John M. Flynn 


DEFINITION 


= A supracondylar fracture that requires open reduction is one 
that cannot be treated with closed reduction and percutaneous 
pinning. 


ANATOMY 


=" A very thin area of bone connects the medial and lateral 
columns of the distal humerus. This makes the area prone to 
fracture. The coronoid fossa is located anteriorly and the ole- 
cranon fossa is located posteriorly. 
= The neurovascular anatomy to consider for an open reduc- 
tion includes: 
" The ulnar nerve passes behind the medial epicondyle. 
= The radial nerve courses from posterior to anterior just 
above the olecranon fossa. 
= The brachial artery and median nerve pass through the 
antecubital fossa. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The patient history is the same for supracondylar fractures 
being treated by closed methods. 

= Tenting of the skin may indicate an open reduction is 
needed. This may represent buttonholing of the proximal frag- 
ment through the periosteum and brachialis muscle, making 
closed reduction difficult. 

=" A careful neurovascular examination must also be 
performed. 


SURGICAL MANAGEMENT 


= Indications for open treatment of a supracondylar fracture 
include an open fracture, an irreducible fracture, and a com- 
promised vascular supply to the hand that does not reconsti- 
tute with reduction by closed means. 

= The timing for surgical intervention has been a matter of de- 
bate. Many surgeons believe that prompt pinning or open re- 
duction is optimal. Some newer articles have been published 
finding no significant increase in complication rates with de- 
layed treatment.*” 


Preoperative Planning 


=" During preoperative planning, the surgeon must consider 
the reasons why an open procedure is necessary. This will help 
guide the approach. 

=" Other factors for consideration include the pin size for main- 
taining the reduction once the fracture is reduced. In general, 
0.062-mm wires are used for all but the oldest children. More 
importantly, at least three pins should be used for type III frac- 
tures if they are going to be pinned with lateral entry pinning. 


Positioning 

= The patient is placed supine on the operating table. A hand 
table attachment is valuable. A sterile tourniquet is placed on 
the child’s arm after preparation and draping. The surgeon 
should make sure that the fluoroscope can be moved easily 
into and out of the operative field to assist with pinning of the 
fracture. 


Approach 


= The first factor to consider in determining the approach is 
the direction of displacement of the distal fragment. This helps 
guide placement of the incision. 
" In general, a transverse anterior incision through the an- 
tecubital fossa is the most useful and cosmetic. 
= If more visualization is needed, this incision can be ex- 
tended medially or laterally based on displacement, but this 
is rarely necessary. 
= Extension of the incision on the opposite side of the dis- 
placement of the distal fragment allows for removal of soft 
tissue obstacles to reduction. 
= If there is a suspicion of neurovascular compromise, the an- 
terior approach provides the best exposure. 
= An inability to reduce the fracture may indicate that the 
proximal fragment has buttonholed through the brachialis 
muscle. Again, an anterior approach is the most useful expo- 
sure to reduce this deformity. 
=" Some surgeons have advocated a posterior approach for se- 
verely comminuted fractures.* However, other surgeons 
strongly believe that a posterior approach risks compromising 
the blood supply to the distal fragment and should be avoided.° 
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OPEN REDUCTION THROUGH AN ANTERIOR APPROACH 


Incision and Dissection 


Once the patient has been prepared and draped, the 
tourniquet is inflated. 

A transverse incision is made across the antecubital fossa 
(TECH FIG 1A). 

Blunt dissection continues through the subcutaneous 
and fatty tissue. Care must be taken in dissecting as the 
neurovascular bundle may be located in a nonanatomic 
place; it may be immediately in the subcutaneous tis- 
sue and at risk for damage during initial dissection 
(TECH FIG 1B). 

Dissection proceeds until the metaphyseal spike is 
encountered. It is covered by a small amount of tissue 
and parts of the brachialis muscle that may be torn 
(TECH FIG 1C). 

It is at this point that the neurovascular bundle should 
be located, if it has not yet been identified. This usually 
involves dissecting across the anterior aspect of the 
metaphyseal spike. This step should not be omitted 
even if there is no vascular compromise. Once the ves- 
sels are indentified, they should be retracted out of the 
field. 


Brachialis 
muscle 
Brachial 
artery 
Median 
nerve 






Transverse 
incision 


TECH FIG 1 « A. Placement of a 
transverse incision for treatment of 
supracondylar fracture. B. Incision 
through subcutaneous tissue and 
fat. C. Deepening of incision with 
fracture site exposed. 


Fracture Reduction 


Defining the outline of the distal fragment can be the 
most challenging aspect of the procedure. It is posterior 
and lateral and the periosteum is folded over its surface 
(TECH FIG 2). 

Reduction is obtained by reaching into the fracture site 
with a hemostat and getting hold of the cut edge of 
the periosteum. This cut edge is extended with scissors to 
increase the size of the buttonhole and helps to free up 
the distal fragment. The distal fragment is then brought 
anteriorly and reduced to the shaft fragment, which is 
maneuvered back through the buttonhole into its rest- 
Ing position posterior to the brachialis muscle. 
Alternatively, the surgeon can hold his or her thumb on 
the proximal fragment and push downward while an as- 
sistant applies traction to the forearm with the elbow 
flexed at 90 degrees.' A periosteal elevator can be used 
as a lever to assist the reduction. 


Pinning 





Once a reduction has been obtained, the fracture is fixed 
with smooth Kirschner wires. This is accomplished in the 
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Proximal fragment 
and neurovascular 
bundle retracted 





Proximal fragment buttonholed 
through brachialis muscle 
and periosteum 











Biceps muscle 


same manner as closed reduction with percutaneous 
pinning. 

Three divergent, lateral entry pins are placed as de- 
scribed in Chapter PE-5. 

Alternatively, a cross-pinning strategy can be used with 
medial and lateral entry pins. Ideally, both the medial 
and lateral pins should cross proximal to the fracture site. 








Distal fragment Periosteum B 


TECH FIG 2 « A. Proximal fragment retracted to try to ex- 
pose distal fragment. B. Sagittal view of fracture with 
proximal fragment shown buttonholing though muscle 
and periosteum. 


The surgeon must be sure to engage both the medial 
and lateral columns of the distal fragment. 

The surgeon checks pin placement and reduction with 
fluoroscopy. If acceptable, the pins are bent, cut, and left 
out of the skin. Once healed, they can easily be removed 
in the office. 

The incision is closed with absorbable sutures. 





PEARLS AND PITFALLS 





Indications 


= The surgeon should have a good understanding of why an open procedure is necessary. The 


primary indications for an open reduction are interposed tissue in the fracture site and vascu- 
lar compromise that does not improve with closed reduction and percutaneous pinning. 


Neurovascular structures 


= The neurovascular bundle can be located anywhere within the operative field and must be 


identified even if there is no suspicion of compromise. 


Reduction of the fracture 


= The distal fragment often can be palpated but not seen as it is hidden by the overlying 


periosteum. The surgeon should expand the buttonhole through the periosteum for better 


visualization. 


Fracture pinning 


= Pins should be maximally separated at the fracture site if three lateral pins are used. 


Convergent pins are not stable. If medial and lateral pins are used, the surgeon should 
engage the medial and lateral columns of the distal fragment. 


POSTOPERATIVE CARE 


= Sterile dressings are applied over the incision. 

= A strip of Xeroform dressing can be wrapped around the 
pins, followed by fluff dressings. 

=" The elbow is splinted in 60 to 90 degrees of flexion with a 
neutral forearm. 

= The patient is admitted overnight for observation. Often a 
long-arm cast can be placed safely the next day, with the arm 
flexed about 80 degrees. This cast can be maintained until the 
pins are removed 3 or 4 weeks after surgery. 

= The patient can then be placed back into a sling and started 
on gentle range-of-motion exercises out of the sling for another 
2 weeks. 

=" The child can then start to use the arm normally. 

=" Formal physical therapy is usually not necessary. 


OUTCOMES 


= It is generally agreed that prompt attention to reduction and 
stabilization of supracondylar fractures results in better out- 
comes and fewer complications. 

= Postoperative loss of reduction is uncommon.’ However, 
children with supracondylar fractures that have been treated 
with open reduction generally take longer to regain their 
elbow motion than children treated with closed pinning. 
Families should be advised about this longer period of elbow 
stiffness in the immediate postoperative period. 

=" A 2001 study of 862 supracondylar fractures treated with 
open reduction found 55% excellent results, 24% good re- 
sults, 9% fair results, and 12% poor results 5.8 months after 
injury.° 
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COMPLICATIONS 


=" Complications can result from the injury itself or from 
surgery. 
= The risk of infection is decreased with the use of periopera- 
tive antibiotics. 
= Tatrogenic neurovascular injury 
" Identification of neurovascular structures is crucial. 
= The ulnar nerve is susceptible to injury if a medial pin 
is used. 
=" Compartment syndrome 
" The child should be kept overnight for observation and 
the surgeon should make sure that serial neurovascular ex- 
aminations are performed. 
= The first sign of compartment syndrome in a child is 
usually increased pain, or increased pain medication 
requirements. 
= The children most at risk are those who had compromised 
blood flow to the hand immediately after injury. 
= Children who have a median nerve injury often do not 
complain of the pain because of the sensory deficit. 
= Loss of motion 
= Although rare, some loss of full extension has been 
reported. 
" If there is excessive posterior angulation at the time of 
healing, some loss of full flexion can occur. 


=" Cubitus valgus and cubitus varus 


" Varus angulation is mostly cosmetic. 
= Valgus deformity can cause loss of full elbow extension 
and can result in tardy ulnar nerve palsy. 


=" Myositis ossificans is rare and should resolve in 1 to 2 years. 
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Closed Reduction and 
5 Percutaneous Pinning of 
Supracondylar Fractures of 


DEFINITION 


= Supracondylar fractures of the humerus are common in- 
juries in children. As many as 67% of children hospitalized 
with elbow injuries have supracondylar fractures; supracondy- 
lar fractures of the humerus represent 17% of all childhood 
fractures.*° 

= The peak age at fracture is 5 to 7 years. 

= The cause of injury is most commonly a fall from height 
(70%). 

=" The vast majority of supracondylar fractures of the humerus 
are of the extension type (97%).° Flexion-type injuries also 
occur. 

=" Open injuries occur in 1% of cases. Concurrent fractures, 
most commonly involving the distal radius, scaphoid, and 
proximal humerus, occur in 1% of cases. Associated neurovas- 
cular injuries can occur, with preoperative nerve injury exist- 
ing in 8% of cases and vascular insufficiency present in 1% to 
2% of cases.” 


ANATOMY 


=" The periosteum most commonly fails anteriorly with 
extension-type supracondylar fractures of the humerus. 
=" With posteromedial displacement, the periosteum also 
fails laterally. 
Therefore, with posteromedially displaced fractures, 
forearm pronation can aid in the reduction (FIG 1). 
=" With posterolateral displacement, the periosteum also 
fails medially. 
Forearm supination usually aids in the reduction of 
these posterolaterally displaced fractures. 
=" The direction of displacement has implications for which 
neurovascular structures are at risk from the penetrating injury 
of the proximal metaphyseal fragment (FIG 2), 
" Medial displacement of the distal fragment places the ra- 
dial nerve at risk. 
" Lateral displacement of the distal fragment places the me- 
dian nerve and brachial artery at risk. 
= The ulnar nerve courses through the cubital tunnel posterior 
to the medial epicondyle. It is at particular risk with flexion- 
type fractures or when a medial pin is placed for fracture 
fixation. 
=" The ulnar nerve subluxates anteriorly as the elbow is 
flexed. Therefore, the elbow should be relatively extended if 
a medial pin is placed for fracture fixation. 


PATHOGENESIS 


=" Supracondylar fractures of the humerus generally occur as a 
result of a fall onto an outstretched hand with the elbow in full 
extension. 


the Humerus 


Paul D. Choi and David L. Skaggs 


= The distal humerus is very thin at the supracondylar region, 
a critical factor in producing a consistent injury pattern and 
failure in the supracondylar humeral region. 
" During a fall with the elbow in full extension, the olecra- 
non in its fossa acts as a fulcrum. 
" The capsule, as it inserts distal to the olecranon fossa and 
proximal to the physis, transmits an extension force to this 
region, resulting in failure and fracture. 
=" With the elbow in full extension and the elbow becoming 
tightly interlocked, bending forces are concentrated in the dis- 
tal humeral region. 
= Increased ligamentous laxity, leading to hyperextension of 
the elbow, may be a contributing factor to this injury pattern. 


NATURAL HISTORY 


=" The physis of the distal humerus contributes little to the 
overall growth of the humerus (20% of the humerus); there- 
fore, the remodeling capacity of supracondylar fractures of the 
humerus is limited. Near-anatomic reduction of these fractures 
is important. 

=" The majority of supracondylar fractures of the humerus 
(other than extension type I fractures) are unstable; therefore, 
stabilization in the form of cast immobilization or preferably 
operative fixation is usually necessary. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Evaluation of the child with an elbow injury must include an 
overall assessment to look for associated trauma (especially in 
the proximal humerus and distal radius regions) as well as as- 
sociated neurovascular injury. 
=" The physical examination may reveal swelling, tenderness, 
ecchymosis, and deformity. The pucker sign, which occurs as 
a result of the proximal fracture fragment spike penetrating 
through the brachialis and anterior fascia into the subcuta- 
neous tissue, may be present. 
=" Thorough neurovascular examination of the involved ex- 
tremity is critical. Physical examinations to perform include: 
= Assessing for potential associated injury to the ulnar 
nerve. Finger abduction and adduction (interossei) strength 
is tested. Sensation in the palmar little finger is tested. 
" Assessing for potential associated injury to the radial 
nerve. Finger, wrist, and thumb extension (extensor digito- 
rum communis, extensor indicis proprius, extensor carpi ra- 
dialis longus and brevis, extensor carpi ulnaris, extensor 
pollicis longus) is tested. Sensation in the dorsal first web 
space is tested. 
" Assessing for potential associated injury to the median 
nerve. Thenar strength (abductor pollicis brevis, flexor 
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FIG 1 © Reduction of a posteromedially displaced supracondylar 
fracture of the humerus. Pronation of the forearm closes the 
hinge and aids in reduction. 


pollicis brevis, opponens pollicis) is tested. Sensation in the 
palmar index finger is tested. 

= Assessing for potential associated injury to the anterior in- 
terosseous nerve. Index distal interphalangeal flexion (flexor 
digitorum profundus index) and thumb interphalangeal 
flexion (flexor pollicis longus) are tested. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Initial imaging studies should include plain radiographs of 
the elbow—anteroposterior (AP), lateral, and sometimes 
oblique views. 
= Comparison views of the contralateral elbow are sometimes 
helpful. 
" The fat-pad sign, particularly posterior, represents 
an intra-articular effusion and can be associated with a 
supracondylar fracture of the humerus (53% of the time) 
(FIG 3A).’ 
=" On the AP view, the Baumann angle correlates with the 
carrying angle and should be 70 to 78 degrees or symmetric 
with the contralateral elbow (FIG 3B). 
" On the lateral view, the anterior humeral line (line drawn 
along the anterior aspect of the humerus) should intersect 
the capitellum (FIG 3C). 
=" The most commonly used classification system, the Gartland 
classification, is based on plain radiographic appearance: 
= Extension type I: nondisplaced 
" Extension type II: capitellum displaced posterior to ante- 
rior humeral line with variable amount of extension and an- 
gulation; posterior cortex of the humerus is intact 
" Extension type III: completely displaced with no cortex 
intact 
" Flexion type 
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nerve 
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FIG 2 © Relationship to neurovascular structures. The proximal 
metaphyseal spike penetrates laterally with posteromedially dis- 
placed fractures and places the radial nerve at risk. With pos- 
terolaterally displaced fractures, the spike penetrates medially 
and places the median nerve and brachial artery at risk. 


DIFFERENTIAL DIAGNOSIS 


=" Fracture of elbow (other than involving the supracondylar 
humeral region) 
= Salter-Harris fractures involving the elbow 
=" Nursemaid’s elbow 
= Infection 


NONOPERATIVE MANAGEMENT 


= The indications for nonoperative management of supra- 
condylar fractures of the humerus are limited to nondisplaced 
fractures (type I). 
= The anterior humeral line transects the capitellum on the 
lateral radiograph. 
" The Baumann angle is >10 degrees or equal to the 
other side. 
" The olecranon fossa and medial and lateral cortices are 
intact. 
=" Nonoperative management consists of immobilization of 
the elbow in no more than 90 degrees of flexion in a splint 
or cast. 
" As the brachial artery becomes compressed with increas- 
ing flexion of the elbow, the clinician must ensure that the 
distal radial pulse is intact and that there is adequate perfu- 
sion distally. 
=" Historically, some supracondylar fractures of the humerus 
were managed with traction (overhead versus side). With the 
relative safety of percutaneous pinning techniques, however, 
the use of traction has been limited. 


SURGICAL MANAGEMENT 


= The two main options for percutaneous pin fixation are the 
lateral-entry pin and crossed-pin techniques. 
=" Most fractures can be stabilized successfully by the lateral- 
entry pin technique.° 
" Two pins are usually adequate for type II fractures; three 
pins are recommended for type III fractures. 
= Biomechanical studies have revealed comparable stability in 
the lateral-entry and crossed-pin techniques. 
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= An advantage of the lateral-entry pin technique is the sig- 
nificantly lower risk of iatrogenic nerve injury. The ulnar 
nerve is at risk when pins are inserted medially (5% to 6% 
risk). 

= The crossed-pin technique may be indicated if persistent in- 
stability is noted intraoperatively after placement of three 
lateral-entry pins. 


Preoperative Planning 


=" Displaced supracondylar fractures of the humerus (includ- 
ing Gartland type II and III) require reduction. Usually, reduc- 
tion can be achieved by closed means. The preferred method 
for fixation is percutaneous pinning. 

= Indications for open reduction of supracondylar fractures 
of the humerus are limited but include open injuries, fractures 
irreducible by closed means, and fractures associated with 
persistent vascular compromise even after adequate closed 
reduction. 

= All imaging studies are reviewed. A high index of suspicion 
for associated fractures, especially of the forearm, is impor- 





FIG 3 © A. Posterior fat-pad sign. The 
presence of a posterior fat-pad sign 
suggests an intra-articular effusion and 
can be associated with an occult supra- 
condylar fracture of the humerus. B. 
The Baumann angle is variable but in 
general is >10 degrees. C. On a lateral 
view of the elbow, the anterior 
humeral line should intersect the 
capitellum. 


tant; if present, there is an increased risk of compartment 
syndrome. 

=" Complete preoperative neurologic and vascular examina- 
tion is performed and documented. 

= The contralateral arm should be examined, and the carrying 
angle of the contralateral arm should be noted. 

= The timing of surgery remains controversial. Recent retro- 
spective studies suggest that a delay in treatment of the major- 
ity of supracondylar fractures is acceptable.' 

=" Fractures with “red flags” (eg, significant swelling and 
signs of neurologic and especially vascular compromise 
or an associated forearm fracture) usually require urgent 
treatment. 


Positioning 
= The patient is positioned supine on the operating room 


table. 


=" The fractured elbow is placed on a radiolucent armboard 
(FIG 4A), The arm should be far enough onto the armboard 
to allow for complete visualization of the elbow and distal 
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humerus. In smaller children, the child’s shoulder and head 
may need to rest on the armboard as well. 
" The wide end of a fluoroscopy unit is sometimes used as 


a table. 


= In cases of severe instability of the fracture, use of the 
fluoroscopy unit as an armboard is suboptimal because 





FIG 4° A. Positioning of patient. The injured elbow is positioned on a radiolucent armboard. In smaller chil- 
dren, the child’s shoulder and head may also need to rest on the armboard to allow full views of the elbow 
and distal humerus. B. Positioning the fluoroscopy monitor on the opposite side of the bed allows the surgeon 
to see the images easily while operating. 


reduction of the fracture is frequently lost with rotation of 
the arm, which is needed for AP and lateral views of the 
elbow. 
=" The fluoroscopy monitor is placed opposite to the surgeon 
for ease of viewing (FIG 4B). 





CLOSED REDUCTION 


Traction is applied with the elbow in 20 to 30 degrees of 

flexion (TECH FIG 1A) to prevent tethering of the neu- 

rovascular structures over the anteriorly displaced proxi- 

mal fragment. 

For severely displaced fractures, where the proximal 

fragment is entrapped in the brachialis muscle, the 

“milking maneuver” is performed (TECH FIG 1B). 

= The soft tissue overlying the fracture is manipulated 
in a proximal to distal direction. 

Once length is restored, the medial and lateral columns 

are realigned on the AP image. 

= Varus and valgus angular alignment is restored. 

= Medial and lateral translation is also corrected. 

For the majority of fractures (ie, extension type), the flex- 

ion reduction maneuver is performed next (TECH FIG 1C). 

= The elbow is gradually flexed while applying anterior 
pressure on the olecranon (and distal condyles of the 
humerus) with the thumbs. 


= The elbow is held in hyperflexion as the reduction is as- 
sessed by fluoroscopy. 

= Reduction is adequate if the following criteria are 
fulfilled: 
= The anterior humeral line crosses the capitellum. 
= The Baumann angle is >10 degrees or comparable to 

the contralateral side. 

=" Oblique views show intact medial and _ lateral 


columns. 
= The forearm is held in pronation for posteromedial 
fractures. 
= The forearm is held in supination for posterolateral 
fractures. 


= For unstable fractures, the fluoroscopy machine instead 
of the arm is rotated to obtain lateral views of the elbow 
(TECH FIG 1D). 
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TECH FIG 1 e A. Reduction. Traction is applied with the elbow flexed 20 to 30 degrees. 
Countertraction should be provided by the assistant with pressure applied to the axilla. B. 
If the fracture is difficult to reduce, the proximal fracture fragment may be interposed in 
the brachialis muscle. The “milking maneuver” is performed to free the fracture from the 
overlying soft tissue. C. The elbow is flexed while pushing anteriorly on the olecranon with 
the thumbs. D. For unstable fractures, the fluoroscopy unit instead of the arm is rotated to 








LATERAL-ENTRY PIN TECHNIQUE 


Once satisfactory reduction is obtained, K-wires can be 

inserted percutaneously for fracture stabilization. 

= 0.062-inch smooth K-wires are commonly used. 

= Smaller or larger sizes may be used depending on the 
size of the child. 

The goals of the lateral-entry pin technique are to maxi- 

mally separate the pins at the fracture site and to engage 

both the medial and lateral columns (TECH FIG 2A-C). 

= The pins can be divergent or parallel. 

= Sufficient bone must be engaged in the proximal and 
distal fragments. 

= Pins may cross the olecranon fossa. 

As a general rule, two pins are adequate for type II frac- 

tures; three pins are recommended for type Ill fractures. 

The K-wire is positioned against the lateral condyle with- 

out piercing the skin (TECH FIG 2D). 

=" The starting point is assessed under AP fluoroscopic 
guidance. 

= The K-wire is held freehand to allow maximum control. 

Once a satisfactory starting point and trajectory are con- 

firmed, the K-wire is pushed through the skin and into 

the cartilage. 


obtain lateral views of the elbow. 


=" The cartilage of the distal lateral condyle functions as 
a pincushion. 

The starting point and trajectory are assessed by AP and 

lateral fluoroscopic guidance. 

When satisfactory starting point and trajectory are con- 

firmed, the pin is advanced with a drill until at least two 

cortices are engaged. 

At this point, the reduction is again assessed. 

=" The reduction must appear satisfactory on AP, lateral, 
and two oblique views. 

= The elbow is rotated to allow for oblique views of the 
medial and lateral columns. 

Additional pins are inserted (TECH FIG 2E-H). 

The elbow is stressed under live fluoroscopy in both the 

AP and lateral planes. 

Once satisfactory reduction and stability are confirmed, 

the vascular status is again assessed. 

Upon completion, the pins can be bent and cut approxi- 

mately 1 to 2 cm off the skin. 
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TECH FIG 2 e A-C. Lateral-entry pin technique: optimal pin configuration. The pins 
are separated at the fracture site to engage the medial and lateral columns. A. 
Optimal pin configuration for two pins (AP view). B. Optimal pin configuration for 
three pins (AP view). C. Optimal pin configuration (lateral view). D. The pin is held 
freehand. Once starting point and trajectory are confirmed under fluoroscopic guid- 
ance, the pin is pushed through the skin and into the cartilage. E,F. Assessment of 
coronal alignment on AP and lateral views. G. Externally and internally rotated 
oblique views are used to assess the medial and lateral columns. H. Stress fracture. 
The elbow should be stressed under live fluoroscopy to confirm adequate stability. 


CROSSED-PIN TECHNIQUE 


If satisfactory stability cannot be achieved by lateral- 

entry pins or if the surgeon is more comfortable with lat- 

eral- and medial-entry pins, the crossed-pin technique 

can be performed. 

The lateral-entry pins are inserted first: this will allow 

the elbow to extend when placing the medial-entry 

pins. 

= The ulnar nerve subluxates anteriorly with increasing 
flexion of the elbow; therefore, the ulnar nerve may 
be at risk when medial-entry pins are placed with the 
elbow in 90 degrees or more of flexion. 

After insertion of the lateral-entry pins, the elbow is ex- 

tended to 20 to 30 degrees of flexion (TTECH FIG 3A). 

A small incision is made over the medial epicondyle. 








Cc 


D 





Chapter 5 CLOSED REDUCTION AND PERCUTANEOUS PINNING OF SUPRACONDYLAR FRACTURES OF THE HUMERUS 


Blunt dissection is performed down to the level of the 

medial epicondyle. 

A pin is positioned on the medial epicondyle (TECH FIG 3B). 

The starting position and trajectory are assessed under 

fluoroscopic guidance. 

When a Satisfactory starting point and trajectory are con- 

firmed, the pin is advanced with a drill until at least two 

cortices are engaged (TECH FIG 3C,D). The medial col- 

umn should be engaged. 

=" Ideally, the pin should be separated from the other 
pins maximally at the fracture site. 

The reduction and stability of the fracture are assessed 

just as with the lateral-entry pin technique. The vascular 

status Is similarly evaluated. 
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TECH FIG 3 e Crossed-pin technique. A. To minimize risk of iatrogenic injury to the ulnar nerve, the elbow is 
extended to 20 to 30 degrees of flexion before the pins are inserted medially. B. The starting point is on the 
medial epicondyle. C,D. The medial pin should engage the medial column and at least two cortices. 
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PEARLS AND PITFALLS 


Clinical examination 





= A thorough preoperative neurologic and vascular examination should be performed and documented. 


= The surgeon should look for “red flags” such as ecchymosis, excessive swelling, puckering of skin, and 
associated fractures which may be indications for an urgent reduction. 


Indications 


= Nondisplaced (type |) fractures can be treated nonoperatively with splint or cast immobilization. 


= Fractures with medial comminution or impaction should be treated operatively to avoid cubitus varus. 
= Displaced fractures require reduction (usually closed) and operative fixation (usually percutaneous pinning). 


Reduction 


Lateral-entry pin 
placement 
pin is usually indicated. 


Medial-entry pin 


= Traction is applied with the elbow in 20 to 30 degrees of flexion. 


= Maximal pin separation at the fracture site to engage the medial and lateral columns is the goal. 
= For type Il fractures, two pins are usually adequate; for type Ill fractures, additional fixation with a third 


= Lateral-entry pins are inserted first so that the elbow can be extended to 20 to 30 degrees of flexion, 


placement allowing for safer insertion of medial-entry pins. 
POSTOPERATIVE CARE COMPLICATIONS 
= The arm is immobilized, preferably in a cast (sometimes a i eee ese 
splint), with the elbow in 45 to 60 degrees of flexion. i hacen 

" Flexing the elbow to 90 degrees, as is used for most other = Vascular injury 

casting, will increase the risk of compartment syndrome be- = Neurologic injury 

cause the fracture reduction is stabilized by the pins, not the eM ahason 

cast. =" Nonunion 

" Sterile foam may be directly applied to the skin before M Av acculaenecoue 

cast application to allow for postoperative swelling. a 


= The arm is immobilized for 3 to 4 weeks, with follow-up 
evaluations at 1 and 3 (or 4) weeks. Postoperative radiographs 
(AP and lateral views) are obtained. 

= Pins are usually discontinued at 3 to 4 weeks postoperatively. 
=" Range-of-motion exercises are initiated shortly after pins 
and immobilization are discontinued. 

=" Return to full activity typically occurs by 6 to 8 weeks 
postoperatively. 


OUTCOMES 


= Studies have suggested that treatment of supracondylar frac- 
tures can be delayed without significant added risk in appro- 
priately selected patients. 
=" Multiple studies have reported on the efficacy and high 
safety profile of the lateral-entry pin technique. 
= A consecutive series of 124 patients with type II and type 
II supracondylar fractures of the humerus were evaluated.° 
Fractures were stabilized by the lateral-entry pin technique. 
= ‘There were no cases of malunion or iatrogenic nerve injury. 
" One patient had a pin-track infection. 


Myositis ossificans 
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DEFINITION 


= Radial neck fractures are extra-articular fractures of the ra- 
dius proximal to the bicipital tuberosity. 
=" Radial neck fractures are most common in children 9 to 
12 years old and represent 14% of elbow fractures in chil- 
dren.” The physis is typically involved as a Salter-Harris I or II 
pattern, yet Salter-Harris III and IV patterns also occur. 
Alternatively, the fracture often is extraphyseal, through the 
metaphysis. 7° 
= Intra-articular radial head fractures are less common elbow 
injuries in patients with open physes than in skeletally mature 
patients (7% vs. 52%).'° 
= The Wilkins classification of radial head and neck fractures 
is based on the mechanism of injury and the pattern of the 
fracture, specifically whether there is physeal or articular 
involvement”: 
" Type I: Valgus injury 
~ A: Physeal injury—Salter-Harris I or II 
~ B: Intra-articular—Salter-Harris III or IV 
~ C: Metaphyseal fracture 
" Type II: Elbow dislocation 
- D: Fracture occurred during dislocation 
- E: Fracture occurred during reduction 
= The O’Brien and Judet classifications of radial neck frac- 
tures are based on degree of angulation. 
= O’Brien classification’ 
_ Type I: Less than 30 degrees 
- Type II: 30 to 60 degrees 
- Type III: More than 60 degrees 
= Judet classification’ 
- Type I: Undisplaced 
_ Type II: Less than 30 degrees 
Type III: 30 to 60 degrees 
_ Type IVa: 60 to 80 degrees 
_ Type IVb: More than 80 degrees 


ANATOMY 


= The radial head articulates with the capitellum and the ra- 
dial notch of the ulna. The radial neck is extra-articular and 
has a normal 15 degrees of angulation on anteroposterior (AP) 
and 5 degrees on lateral radiographic views. The radial head 
ossific nucleus appears at about 4 years of age. 

= The proximal radioulnar joint is stabilized by the annular 
ligament and the accessory collateral ligament. 

= There are no muscular attachments to the radial neck. The 
blood supply is derived from the adjacent periosteum. 

= The radial nerve gives rise to the superficial radial nerve and 
the posterior interosseous nerve at the level of the lateral 
condyle. The posterior interosseous nerve travels distally ante- 
rior to the radial head and neck, enters the arcade of Frohse 
2.6 cm distal to the radial head (FIG 1), and submerges be- 
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tween the superficial and deep fibers of the supinator 6.7 cm 
distal to the radial head.* The radial recurrent artery originates 
from the radial artery and travels toward the lateral epi- 
condyle in the opposite direction along the path of the radial 
nerve, on the anteromedial surface of the supinator. 


PATHOGENESIS 


=" The most common mechanism of radial neck fractures is a 
valgus and axial force to the elbow caused by a fall on an out- 
stretched hand. This mechanism results in a lateral compres- 
sion and a medial traction injury. The actual plane of maximal 
radial head angulation depends on the forearm position of 
supination or pronation at the time of impact.° 

=" The other mechanism of injury is an elbow dislocation, 
where the fracture occurs either during the dislocation (radial 
head anterior) or during the elbow reduction (radial head 
posterior).° 

= Associated injuries, such as medial collateral ligament rup- 
ture or occult elbow dislocation, occur in 30% to 50% of ra- 
dial neck fractures.” 

=" Chronic stress fractures of the radial head and neck can 
occur with repetitive valgus loading, such as overhead 
throwing. 


NATURAL HISTORY 


= The prognosis for radial neck fractures depends on the en- 
ergy of injury, the amount of displacement, and the presence 
of any associated injuries. 

= Patients with minimal fracture displacement and a congru- 
ent joint generally have a favorable prognosis, while more se- 
vere alterations of normal joint anatomy can severely impede 
elbow range of motion unless reduced. 


Head of radius 









Superficial branch Radial nerve 
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Supinator 


Brachialis 


FIG 1 © The posterior interosseous nerve courses volar to the ra- 
dial head and neck and enters the arcade of Frohse about 
2.6 cm distal to the articular surface of the radial head. 
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PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Elucidating the mechanism of injury is important to truly 
understand the personality of the fracture, which can help 
in directing treatment. Higher-energy mechanisms are 
more likely to be associated with concomitant injuries. 
Elbow dislocations that have reduced before presentation 
are not uncommon, so it is helpful to ask the patient and 
family whether a marked deformity was noted at the time of 
injury. 
=" Carefully palpating each anatomic area in the elbow to find 
the points of maximal tenderness helps diagnose the fracture 
as well as additional injuries. Associated injuries include me- 
dial collateral ligament tears, medial epicondyle fractures, ulna 
fractures, and supracondylar humerus fractures. A neurologic 
evaluation assesses distal radial, medial, and ulnar nerve 
motor and sensory function. 
= Assessing elbow stability and range of motion can help de- 
termine the need for treatment. 

" Valgus instability indicates a medial elbow injury in addi- 

tion to an unstable radial neck fracture. 

= Blocks in forearm rotation, in particular pronation, are 

typically due to loss of congruity of the radioulnar joint and 

indicate a need for reduction. 

" Stability and range-of-motion assessment may necessitate 

either an intra-articular anesthetic injection or an examina- 

tion under anesthesia. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= AP, lateral, and oblique radiographs often show radial 
neck fractures well (FIG 2A,B). However, the true extent of 


fracture angulation can be underestimated on plain radi- 
ographs, as orthogonal views may fail to capture the true 
plane of angulation. 

=" Radial neck fractures can occur before the ossification of 
the radial head, without clear evidence of fracture on plain ra- 
diographs. Ultrasound, MRI (FIG 2C), and arthrography 
(FIG 2D,E) are useful for diagnosing and evaluating radial 
neck fractures in young patients with nonossified radial 
heads. In the operating room, arthrography is useful in outlin- 
ing the nonossified radial head when monitoring and verify- 
ing reduction. 


DIFFERENTIAL DIAGNOSIS 


= The diagnosis of a radial neck fracture is usually easily made 
with appropriate imaging. However, the presence or absence 
of the following associated injuries should be ascertained: 

" Medial collateral ligament rupture 
Medial epicondyle fracture 
Olecranon fracture 
Monteggia-equivalent type IV fracture 


NONOPERATIVE MANAGEMENT 


=" Ultimately, the objective is to obtain and maintain a congru- 
ent joint with restored elbow range of motion in all planes. 
Most consider 30 degrees of angulation and 3 mm of transla- 
tion an acceptable reduction. Controversy exists regarding the 
exact numbers, however, with reported acceptable angulation 
ranging from 20 to 60 degrees, 1777991291621 8519s2 1522 
" Two things partially account for the controversy: 

~ The accuracy of the radiographic measurement is vari- 

able and depends on whether the radiographic beam is 

perpendicular to the true plane of the fracture. 





FIG 2 © A,B. AP and lateral radiographs demon- 
strate an ulna fracture and radial neck fracture 
in a 3-year-old with a nonossified radial head. 
However, it is difficult to discern the degree of 
angulation on plain radiographs. MRI is useful 
when evaluating radial neck fractures in chil- 
dren with nonossified radial heads. C. The MRI 
from the same patient clearly shows the 60-de- 
gree radial neck angulation not defined on 
plain films. D,E. Arthrography demonstrates a 
90-degree displaced radial neck fracture not 
seen on plain films. It is also useful to monitor 
and verify reduction intraoperatively. 





Chapter 6 CLOSED, PERCUTANEOUS, AND OPEN REDUCTION OF RADIAL HEAD AND NECK FRACTURES 35 


Twenty-five degrees of fracture angulation can have 
variable effects on the congruity of the radioulnar joint, 
depending on the direction of angulation. 

" It is therefore important to base the decision of treatment 
on the functional effects of the angulation, rather than a spe- 
cific number. Any block of pronation or supination war- 
rants a reduction of the fracture, no matter what the radi- 
ographic angulation is. 
= As remodeling potential decreases with advancing skeletal 
maturity, less residual angulation is acceptable (15 to 20 
degrees).>>*! 
= Closed reduction is recommended if there is more than 30 
degrees of angulation or 3 mm of translation, or if there is 
any block to range of motion. Reduction can be done either 
with sedation in the emergency room or in the operating 
room. The advantage of the latter is the immediate ability to 
proceed to a percutaneous reduction technique should the 
closed techniques fail, which is more likely in cases with se- 
vere displacement. 
= The nature and duration of immobilization depend on the 
fracture pattern, the presumed stability, and the maturity of 
the patient. For example, a 17-year-old reliable patient with a 
nondisplaced stable radial neck fracture can be treated with a 
sling and early range of motion. Physeal fractures, fractures 
needing reduction, and fractures in young patients usually 
need immobilization in a cast for 3 weeks, however. 
" When clinical and radiographic signs of healing are lack- 
ing, the cast may remain for an additional 2 weeks, followed 
by a re-evaluation of the healing progress. 


SURGICAL MANAGEMENT 


= If closed reduction fails, the next step is to proceed to a per- 
cutaneous reduction technique. Techniques using a Steinmann 
pin to push or lever are described in detail in the Techniques 
section. 

= Every attempt to achieve a closed or percutaneous reduction 
is made, as the rates of complications, including avascular 
necrosis, heterotopic ossification, and nonunion, are higher 
with an open approach.*! 


ais 
< e 


=" The markedly displaced floating fragments associated with 
elbow dislocations often require an open approach, while most 
angulated radial head fractures can be reduced by a combina- 
tion of closed and percutaneous techniques. 


Preoperative Planning 


= It is essential to obtain proper elbow and forearm radi- 
ographs and diagnose all injuries before proceeding to the op- 
erating room. 

=" Familiarity with all of the closed and percutaneous reduc- 
tion techniques described in the Techniques section is useful, 
as each fracture behaves and responds differently to different 
techniques. 

= It is prudent to advise both the parents and the operating 
room staff that a range of techniques from closed to open may 
be employed to obtain reduction. Doing so eliminates any ele- 
ment of surprise. The surgeon should ensure the availability of 
elastic titanium nails, Kirschner wires, and Steinmann pins if 
needed. 

=" Elbow range of motion and stability are assessed under 
anesthesia. The elbow is then pronated and supinated under 
fluoroscopy to find the maximum plane of angulation before 
reduction (FIG 3). 

= Several different techniques of closed and percutaneous re- 
duction make up the “reduction ladder” covered in the 
Techniques section, much like the plastic surgeon’s reconstruc- 
tive ladder. These tools may be used in stepwise progression or 
in conjunction as needed. 


Positioning 

= The patient is positioned supine on the operating room 
table, with the elbow on the fluoroscopy C-arm and the arm 
positioned on the collimator of the C-arm (FIG 4), 


= The imaging monitor is placed at the opposite side of the 
bed for easy visualization. 


Approach 


= The posterolateral Kocher approach is used for open reduc- 
tion of severely displaced floating fragments. The approach is 
further described in the Techniques section. 


FIG 3 e The maximal angle of displacement is 
found with fluoroscopy imaging through the 
ranges of full supination (A) to pronation (B). In 
this case, maximal angulation is noted with 50 
degrees of pronation. 
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FIG 4 « After sterile preparation the arm is draped out 
using the C-arm as an operating table. The imaging 
monitor is placed for easy visualization on the other 
side of the bed. 





CLOSED REDUCTION 


Israeli or Kaufman Technique 2 One hand is used to control forearm rotation, and the 


other hand is used to provide lateral pressure to the dis- 
placed radial head with the thumb (TECH FIG 1A-C). 

= After reduction, fracture stability and range of motion 
are assessed (TECH FIG 1D-G). 


Kaufman described a closed reduction technique with 
the elbow flexed 90 degrees.® 

Fluoroscopy is used to establish the forearm position 
demonstrating maximal angulation (see Fig 3). 














TECH FIG 1 e A-C. Kaufman (Israeli) technique. One hand grips the forearm distally 
to control supination and pronation (A), while the thumb of the other hand reduces 
the fragment in the plane of maximal reduction (B), milking the head from distal to 
proximal (C). D-G. After reduction has been obtained, the stability and range of mo- 
tion (pronation-supination) are assessed in extension and 90 degrees of flexion. 
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Patterson Technique 





With the elbow extended and forearm supinated, varus 
stress is applied to the elbow by an assistant. The sur- 
geon reduces the fragment with lateral digital pressure 
(TECH FIG 2). 


= — Drawbacks of this technique include the need for an un- 
derstanding assistant providing countertraction and 
varus stress, and the potential difficulty in palpating the 
radial head in this position. 


TECH FIG 2 « Patterson technique. 
A. The assistant helps with posi- 
tioning the elbow in extension, 
applying a varus force, while hold- 
ing the forearm in supination. 
B,C. Digital pressure from the 
thumb is applied to the radial 
head to achieve reduction. 





PERCUTANEOUS REDUCTION WITH A KIRSCHNER WIRE OR STEINMANN PIN 


If closed reduction fails, a Kirschner wire or a Steinmann 
pin can be used to directly push or lever the radial head 
into anatomic position. 

The surgeon must beware of the posterior interosseous 
nerve coursing volar and distally over the radial head. The 
radial head can be protected by pronating the forearm 
and by using a posterolateral pin approach (TECH FIG 3). 
The forearm is rotated during fluoroscopic guidance so 
that the plane of maximal angulation is visualized. 


Push Technique 


The blunt end of a larger Kirschner wire, 0.062 inch or 
larger, is percutaneously inserted through the skin distal 
to the fracture and just off the lateral border of the ulna 
(TECH FIG 4A,B) through a 2-mm incision. 

With fluoroscopic guidance, the pin is placed against the 
posterolateral aspect of the proximal fragment and the 
radial head is pushed into place (TECH FIG 4C,D). 

Axial traction and rotation of the forearm can dislodge 
an impacted fracture and assist in the reduction. 


Lever Technique 


Alternatively, the pin (or a Freer elevator) can be used as 
a lever. When doing so, the skin entry site of the pin 
must be placed more proximally, however, at the level of 
the fracture site (TECH FIG 5A). 

With the pin just through the skin, the pin is pulled dis- 
tally (applying tension to the skin) to allow a retrograde 
approach to the fracture. 







Radial nerve 


Arcade of 
Frohse 
Biceps 
tubercle 


Supinator 





A 


TECH FIG 3 « The posterior interosseous nerve moves volar 
and medial with pronation, moving it away from the working 
area during percutaneous or open treatment of radial head 
and neck fractures. 
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The deeper soft tissues are then pierced, the fracture 
site is entered (TECH FIG 5B), and the proximal frag- 
ment is levered proximally to correct the angulation 
while translation is corrected with simultaneous lateral 
digital pressure. During the levering maneuver, the ten- 
sioned skin relaxes, thus making the reduction easier 
(TECH FIG 5C). 


OPEN REDUCTION 


Kocher’s posterolateral approach to the radial head is 
used. Pronating the forearm brings the posterior in- 
terosseous nerve further anteromedially, away from the 
surgical field. 

Askin incision about 5 cm long is made, centered over the 
posterolateral aspect of the radial head (TECH FIG 6A). 
The interval between the anconeus (radial nerve) and the 
extensor carpi ulnaris (posterior interosseous nerve) is de- 
veloped (TECH FIG 6B). 

A longitudinal incision is made along the capsule, unless 
the capsule has not already been torn open by the injury 
causing trauma (TECH FIG 6C). 

The proximal fragment is identified and reduced under 
direct visualization and fluoroscopic guidance. If the an- 
nular ligament has been injured it should be repaired. 


a, 
pie 






TECH FIG 4 e Push technique for 
percutaneous reduction of ra- 
dial neck fracture. A,B. Imaging 
is used to plan the trajectory of 
the push pin. The pin is inserted 
posterolaterally, avoiding the 
volar posterior interosseous 
nerve. C,D. Using imaging as 
guidance, the radial head frag- 
ment is pushed into reduction. 


= If the skin instead were entered distally for the lever 
maneuver, however, the skin tension during the re- 
duction maneuver would make the reduction sub- 
stantially more difficult. 

After percutaneous reduction, fracture stability in all 

planes is assessed. If unstable, pin fixation of the frag- 

ment is recommended. 


TECH FIG 5 « Lever technique. A. The lever pin is in- 
serted at the level of the fracture through the skin. 
B. The pin is then pushed distally, applying tension to 
the skin before approaching the physeal side of the 
fracture and (C) levering the fragment into place, al- 
lowing the built-up tension of the skin to aid in the 
reduction. 


Occasionally, the fracture is widely displaced anterome- 

dially, necessitating further exposure before identifica- 

tion. In such a case, a more extensile approach is recom- 

mended, as well as a formal proximal identification of 

the radial nerve and posterior interosseous nerve. 

If the fracture requires open reduction, internal fixation 

is recommended. 

=" Arecent retrospective review of radial neck nonunions 
noted that they were commonly associated with an 
early loss of fixation, related to either displacement or 
premature removal of pins.?° 

=" Options for internal fixation include pins placed 
obliquely though the radial head in an “ice-cream 
cone” pattern throughout the safe zone. Absorbable 
pins can also be used. Radial head fixation can be 
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TECH FIG 6 « A. The Kocher posterolateral approach to the elbow uses the interval between the anconeus and the extensor 
carpi ulnaris. B. The capsule is incised longitudinally. C. The radial head fragment may be readily visualized after exposure, un- 


less medially or posteriorly displaced. 


achieved with epiphyseal-metaphyseal interrupted, 
circumferentially placed absorbable sutures.* For 
skeletally mature children, headless screws or a T- 
plate in the safe zone can be used. 

= Although seldom indicated, Leung and Tse described 
a lateral mini-plate buttress technique for the open 
physis. The plate is anchored distally in the radial neck 





PEARLS AND PITFALLS 


with 2-mm screws and left unattached proximally, 
providing a buttress preventing lateral dislocation of 
the radial head."' 

Transcapitellar pin fixation has been described, but it 
provides poor distal fixation and is associated with 
pin breakage at the radiocapitellar joint. 





Indications 


=™ The surgeon should have a discussion with the family and alert the operating room staff regarding the 


“reduction ladder” and the various techniques that may be employed. 


Operative technique 
should be avoided if at all possible. 


= Although percutaneous reduction can be a tedious and time-consuming procedure, open reduction 


= A mini-open approach using a Freer elevator as a shoehorn can sometimes reduce the fragment when 
percutaneous Steinmann pin reduction is unsuccessful. 

= If an open reduction is necessary, fixation is necessary. 

= Transarticular pins should be avoided as they break at the joint. 

= Radial head excision is contraindicated in children because of valgus elbow deformity, longitudinal fore- 
arm instability, and high incidence of overgrowth. 


Imaging 


= After achieving reduction, the surgeon should verify improved range of motion and make sure that the 


reduction is a true change in alignment and not simply a radiograph taken out of the plane with maxi- 


mal angulation. 


= The surgeon should beware of reversal of radial head position during radial head reductions and should 
make sure on plain radiographs that the radial head is properly reduced and not flipped 180 degrees.?? 


Follow-up 


® Clinical or radiographic signs of fracture healing should be present before removing pin fixation. The 


period of pin fixation or immobilization should be longer for unstable, high-energy injuries. 


POSTOPERATIVE CARE 


=" After reduction, the elbow is immobilized in 90 degrees of 
flexion in the position of supination—pronation that is most 
stable for 3 weeks. 

= If a splint is used postoperatively because of swelling, it is 
changed to a cast at 1 week. 

= At follow-up, the cast is removed for radiographic and clin- 
ical examination. If healing is inadequate (which is more likely 
in higher-energy injuries in older children), the cast (and the 
pins if used) is continued for 2 more weeks, after which patient 
is re-evaluated for healing. 


= If pin fixation is used, no elbow motion is allowed until pins 
are removed. 

=" Graduated range-of-motion exercises begin when the cast is 
removed. 


OUTCOMES 


= Many series have shown a good to excellent outcome in 
76% to 94% of children with radial neck fractures.1?:19-18 
" Indicators for a favorable prognosis include younger age 
(less than 10 years), isolated low-energy injury, closed re- 
duction, early treatment, less than 30 degrees of initial an- 
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gulation, less than 3 mm of initial translation, and reduction 
within parameters discussed above.*:!7:17 
=" Poor outcomes, such as limitations in range of motion, have 
been reported in 6% to 30% of patients, usually after a se- 
verely displaced radial neck fracture. 
" Risk factors for a poor outcome include severe displace- 
ment, associated injuries, delayed treatment, poor reduc- 
tions, old age, fractures needing open treatment and internal 
fixation, and intra-articular fractures in patients with an 
open physis,10-12-16-17.20 
" Poor outcomes that have been noted with open procedures 
are partially due to a selection bias, where patients needing 
open procedures are more likely to have had high-energy in- 
juries with additional vascular and soft tissue trauma. 


COMPLICATIONS 


= Loss of joint congruity, fibrous adhesions, and radial head 
overgrowth result in a loss of elbow motion. In order of de- 
creasing frequency, pronation, supination, extension, and flex- 
ion are affected.'” 

= Radial head overgrowth is observed in 20% to 40% of cases 
due to presumed increased vascularity stimulating the physis. 
Premature physeal closure can occur and is seldom sympto- 
matic, but it can accentuate a valgus deformity. Delayed ap- 
pearance of the ossific nucleus is possible after a fracture oc- 
curring before ossification. 

= Avascular necrosis of the radial head occurs in 10% to 20% 
of patients.”'* Seventy percent of cases occur in cases of open 
reduction.” 

=" Radial neck nonunions are rare but have been reported and 
are often associated with premature loss of fixation.”° 

=" Posttraumatic radioulnar synostosis occurs in 0% to 10% 
of cases,”'**'® typically in association with open reductions, 
extensive dissection, residual displacement, and concurrent 
ulna fracture. Exostectomy of synostosis is a technically de- 
manding procedure with a variable success rate. 

= Heterotopic ossification (6% to 25% of cases)*'? can occur 
as myositis ossificans in the supinator or as ossification within 
the capsule. Surgical treatment is rarely indicated. 
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DEFINITION 


= Radial neck fractures in children are typically transphyseal 
injuries and seldom involve the epiphysis (radial head). 

= The majority of these fractures are Salter-Harris type II in- 
juries. Salter-Harris type I fractures are also common. In older 
children some fractures may be entirely metaphyseal (FIG 1). 
=" Radial neck fractures represent about 14% of all elbow 
fractures in children.® 


ANATOMY 


= Ossification of the proximal radial epiphysis (radial head) 
occurs by 4 years of age, at which time the radial head and 
neck have assumed their adult shape. The proximal radial 
physis closes at 14 years in girls and 17 years in boys. 

= At the level of the radiocapitellar joint, the radial nerve 
divides into its terminal branches, including the posterior 
interosseous nerve, which enters the substance of the supina- 
tor muscle at the arcade of Frohse and winds around the 
anterolateral aspect of the radial neck. Pronation of the 
forearm moves the posterior interosseous nerve more medi- 
ally and away from the anterolateral side of the radial neck 
(FIG 2). 


PATHOGENESIS 


= ‘The most common mechanism of injury is due to a fall on the 
outstretched hand with the elbow extended and the forearm 
supinated, 

= The resultant valgus force compresses the capitellum against 


the radial head. 





FIG 1 © Displaced radial neck fractures. A. Salter-Harris type 2. 
B. Salter-Harris type 1. 


Percutaneous Joystick and 
Intramedullary Reduction 
(Metaizeau) Techniques for 
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FIG 2 « Relationship between posterior interosseous nerve and 
the radial neck. A. In supination. B. In pronation. 


=" Radial neck fractures may occur in association with a pos- 
terior dislocation of the elbow that displaces the radial head 
anteriorly.'2 

= A posteriorly displaced radial neck fracture can occur during 
the spontaneous reduction of a posterior elbow dislocation.* 

= Alternatively, an unrecognized (undisplaced) radial neck 
fracture can be displaced posteriorly during the manipulative 
reduction of a posterior elbow dislocation. During the reduc- 
tion maneuver, if the elbow is flexed, the distal humerus 
(lateral condyle) strikes the radial head, knocking it posteriorly 
off the metaphysis (FIG 3). 


NATURAL HISTORY 


=" Most radial neck fractures are minimally displaced or undis- 
placed. These heal uneventfully. 

=" The greater the degree of angulation or translation, the 
greater the disruption in the relationship of the radiocapitellar 
joint, which may be associated with a decrease in the range of 
pronation and supination.” 

= The upper limit of acceptable angulation (0 to 60 degrees) is 
unclear and may be age-dependent.'® Most believe that angu- 
lation less than 30 degrees is unlikely to cause a clinically 
(functionally) significant loss of motion. 
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FIG 3  Posteriorly displaced radial neck fracture produced during the reduction of a posterior elbow dislocation. A,B. AP and lateral 
views of the elbow dislocation. C. The radial head is no longer visible on the lateral view after elbow reduction. D. Displaced radial 


head apparent on AP view. 


=" Other reported consequences include avascular necrosis of 
the radial head, heterotopic ossification, radioulnar synostosis, 
and premature physeal closure, which may result in pain, 
crepitus, and valgus deformity and stiffness.*°*!%!%>!? 
" These outcomes may be associated with age, severity of 
displacement, presence of associated injuries, or delay in 
treatment. 
=" Some of these might be a complication of the treatment 
(poor reduction, open treatment, or internal fixation) rather 
than the natural history. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" History of a fall on the outstretched hand 

= Swelling of the elbow with limited range of motion associated 
with pain. Occasionally lateral ecchymosis may be evident. 

=" Tenderness and crepitus may be localizable to the radial 
head, provoked by gentle pronation and supination. 

= The clinician should rule out an elbow dislocation and look for 
other areas of tenderness that might point to associated injuries. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Anteroposterior (AP) and lateral radiographs of the elbow. 
Oblique views can be helpful but are not routinely necessary. 
= Amount of displacement: angulation and translation of the 
radial neck are noted. 
= There are numerous classification systems of the severity of 
initial displacement. Most categorize the fractures based on 
amount of angulation,” usually in 30-degree increments, while 
some also include translation.%79'°!*!? 
" The Judet classification is a simple descriptive system 
(FIG 4; Table 1).° 
=" The clinician should carefully rule out associated injuries 
such as fractures of the olecranon (intra-articular) (FIG 5), 
proximal ulna, medial epicondyle, or lateral condyle or elbow 
dislocation. 
=" In posterior elbow dislocations, the clinician should care- 
fully examine the radial neck for an occult fracture that is at 
risk for displacement during the reduction maneuver. 





Judet 3 Judet 4b 
Undisplacedor <30 degrees 30 degrees— 60 degrees— >80 degrees FIG 4 e Judet classification of radial neck 
horizontal shift 60 degrees 80 degrees fractures in children. 
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Judet 1 Judet 2 
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Judet Classification of Radial 
Head Fractures 


Type Displacement 
1 Undisplaced 
2 Angulation <30 degrees 
3 Angulation 30 to 60 degrees 
4a Angulation 60 to 80 degrees 
Ab Angulation >80 degrees 


DIFFERENTIAL DIAGNOSIS 


=" Radial neck fractures 

=" Radial head fractures 

=" Monteggia variant: the clinician should look for any olecra- 
non fractures or proximal ulna fractures 

= Elbow dislocations 


NONOPERATIVE MANAGEMENT 


=" The Patterson reduction technique involves longitudinal 
traction applied to the extended arm with countertraction 
provided proximally. 
= The forearm is rotated (supinated) until the maximum tilt 
of the radial head is directed laterally. 
= A varus force is then applied to the elbow, while the ra- 
dial head fragment is reduced by direct pressure.'” 
=" Kaufman and associates’ describe a closed reduction maneu- 
ver with the elbow in 90 degrees of flexion and in maximum 
supination (the Israeli technique). 
" Thumb pressure is applied to the lateral aspect of the dis- 
placed radial head while the forearm is rotated gradually 
into full pronation. 


SURGICAL MANAGEMENT 


=" Many displaced radial neck fractures can be satisfactorily 
reduced to an acceptable position with one of the above closed 
reduction techniques. 





FIG 5 © A. Radial neck fracture with associated intra-articular 
fracture of the olecranon. Olecranon fracture appears minimally 
displaced on lateral view. B. Significant displacement is seen on 
AP view. 





= Failure to obtain or maintain an adequate closed reduction 
of Judet type 3 or 4 fractures (more than 30 degrees) is an 
indication for closed operative techniques. 

= Percutaneous leverage of the radial neck fracture using a 
Kirschner wire or Steinmann pin is one option. 

= Alternatively, reduction of the radial head can be accom- 
plished by intramedullary manipulation of the radial head 
using a flexible or elastic nail or a Kirschner wire, with the nail 
or wire retained to stabilize the fracture if necessary. 

=" Intramedullary reduction may be facilitated by the percuta- 
neous leverage technique. 

=" Open reduction with internal fixation is reserved for fractures 
that cannot be successfully managed by the above closed means. 


Preoperative Planning 


=" Careful examination of the radiographs is necessary to rule 
out intra-articular involvement of the radial head as well as 
associated injuries of the proximal ulna and distal humerus 
(FIG 5). 

= The orientation of the displaced radial head must be con- 
firmed to ensure that the articular surface of the fragment is 
not flipped 180 degrees. 

= A set of Kirschner wires or Steinmann pins should be avail- 
able if percutaneous pin-assisted reduction using the joystick 
or leverage technique is considered necessary. 

= If flexible intramedullary nail-assisted reduction is being 
considered, the narrowest diameter of the intramedullary 
canal of the radius must be measured to select the appropriate 
diameter of the intramedullary nail or device (Kirschner wire 
or elastic titanium nail). 

=" Under general anesthesia, closed reduction of the fracture is 
attempted under fluoroscopic guidance before the decision is 
made to proceed. 

Positioning 

= The patient is supine with the injured arm positioned over a 
radiolucent armboard. 

= The image intensifier may be positioned parallel to the op- 
erating table to allow the C-arm to be moved freely from the 
AP to lateral position. 


Approach 


=" For the percutaneous pin-assisted reduction technique, the 
pin or Kirschner wire is inserted from the posterolateral aspect 
of the radial neck with the forearm pronated to avoid injury to 
the posterior interosseous nerve. 
=" For the centromedullary technique, the preferred entry point 
for the elastic nail is at the distal radius proximal to the growth 
plate through a 1.5-cm incision. 
= If the entry point is on the radial side, care is taken to avoid 
injury to the branches of the superficial radial nerve. The entry 
site is placed away from the tendons of the first extensor 
compartment. 
" An alternative entry point is the dorsal approach, just 
proximal to the tubercle of Lister, between the third and 
fourth extensor compartments. 
= If the elastic nail is being retained for fixation of the frac- 
ture, the radial approach is favored to prevent late rupture to 
the extensor pollicis longus tendon, which has been reported 
with the dorsal approach. 
" This complication can be avoided if the end of the 
retained nail is trimmed above the dorsal aspect of the 
extensor tendons so as not to abrade its volar surface. 
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PERCUTANEOUS PIN (JOYSTICK) REDUCTION TECHNIQUE" '*78 


Insertion and Manipulation of the 
Kirschner Wire 


Using the image intensifier, the Kirschner wire is in- 
serted from the posterolateral aspect of the radial neck 
(TECH FIG 1A). 

During the insertion of the pin the forearm is best 
pronated to avoid injury to the posterior interosseous 
nerve. The surgeon should observe the thumb and index 
finger for any signs of metacarpophalangeal extension. 








Once the tip of the Kirschner wire has reached the 
fracture site, the forearm may be rotated until the 
maximum displacement of the radial head is visualized 
(TECH FIG 1B). 

The Kirschner wire is then advanced into the fracture site 
between the radial head (epiphysis) and the metaphysis 
and the fracture is disimpacted (TECH FIG 1C,D). 

The Kirschner wire is then swung cephalad to lever the 
radial head back into position (TECH FIG 1E-G). 


TECH FIG 1 « A. Position of pin for percu- 
taneous pin-assisted reduction of a dis- 
placed radial neck fracture. B-G. When 
the Kirschner wire has been introduced 
into the fracture site, it is used to lever the 
radial head fragment into position by 
swinging it cephalad. 
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Use of Second Kirschner Wire 


Occasionally the radial head remains translated even 
though the angulation has been corrected. With the first 
Kirschner wire in place, a second Kirschner wire may be in- 
troduced percutaneously to push the laterally translated 
fragment medially back into position (TECH FIG 2A-C). 
The Kirschner wire is removed and the stability of the re- 
duction assessed. 





If the reduction is stable, as is usually the case, no internal 
fixation is required. The elbow is immobilized in 90 de- 
grees of flexion with a posterior splint for 2 or 3 weeks. 
If the reduction is unstable, the Kirschner wire may be used 
to repeat the leverage technique and then advanced with 
a power driver obliquely through the metaphysis to act as 
a buttress to prevent the radial head from redisplacing. 
The Kirschner wire does not need to pass through the 
substance of the proximal fragment (TECH FIG 2D,E). 





TECH FIG 2 e A-C. A second Kirschner 
wire is sometimes necessary to correct 
residual translation. D,E. The Kirschner 
wire can be advanced obliquely into 
the metaphysis to buttress the radial 
head fragment. 
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CLOSED INTRAMEDULLARY REDUCTION AND FIXATION 
(METAIZEAU TECHNIQUE’) 


Metaizeau Technique 


Metaizeau described an intramedullary reduction and 
fixation technique for the treatment of displaced radial 
neck fractures? that has been widely adopted.*'>'” 

The intramedullary manipulation of the radial head may 
be accomplished by an elastic titanium nail or a Kirschner 
wire of sufficient length, the tip of which is bent about 
30 degrees. 


The diameter of the elastic nail or Kirschner wire is usu- 
ally 2 mm. A 2.5-mm nail may be suitable in some chil- 
dren older than 10 years. The curved nail tip can be bent 
additionally. 

The preferred entry point for the nail is on the lateral 
cortex of the distal radius 1.5 to 2 cm proximal to the 
physis. It is created with a sharp awl or drill through a 
1.5-cm incision, taking care to avoid injury to the sensory 
branch of the radial nerve (TECH FIG 3). 


_ i 





Section | TRAUMA 





Superficial branch 
of radial nerve 


Engaging the Fragment 


The elastic nail is attached to a T-handle and advanced 

proximally through the medullary canal under fluoro- 

scopic guidance (TECH FIG 4A-C). 

=" The forearm is rotated until the plane of maximum 
deformity is visualized. 

The curved tip of the nail or the Kirschner wire is directed 

toward the displaced proximal fragment and gently 

advanced across the fracture until the tip engages the 

epiphyseal fragment without penetrating the articular 

surface (TECH FIG 4D-F). 

AP and lateral radiographs are obtained to confirm the 

position of the nail tip in the epiphyseal fragment. 


Rotating the Fragment into Place 


The nail tip is used to elevate the fragment to reduce the 
tilt anchoring the proximal fragment against the lateral 
condyle. 

The T-handle is then used to rotate the nail or Kirschner 
wire typically anteriorly and medially, thereby reducing 
the lateral or posterolaterally displaced radial head back 
to its normal location (TECH FIG 5). 





TECH FIG 3 e A-F. Radial-side entry point for elastic nail for centromedullary reduction 
technique. A. Incision centered over the distal radial physis. B. The surgeon should 
avoid injury to the superficial branch of the radial nerve. C. Entry point is 1.5 cm prox- 
imal to the distal radial physis. D. Awl is initially directed perpendicular to the bone. 
E,F. Under fluoroscopic guidance the awl is directed obliquely and proximally into the 
middle of the medullary canal. G. Alternate entry site: dorsal entry point for elastic nail 
for centromedullary reduction technique proximal to the tubercle of Lister. 


= If the epiphysis is displaced anterolaterally, the nail is 
rotated posteriorly and medially. 

The intact periosteum prevents overcorrection of the 

fragment medially. 


Completing the Procedure 


The reduction maneuver may be facilitated with a prior 
or concurrent closed reduction. In severely displaced ra- 
dial neck fractures, the percutaneous technique described 
above may be performed concurrently to facilitate the 
intramedullary reduction (TECH FIG 6A). 

With the nail tip engaged in the epiphysis and the reduc- 
tion complete, the stability of the fracture is assessed and 
the nail is left in situ. 

The nail is trimmed 1 cm proud of the bone at the entry 
site (TECH FIG 6B). 

If the dorsal approach is used, the nail can be bent 
90 degrees dorsally and trimmed just above the plane 
of the extensor pollicis longus tendon to ensure that 
the end of the nail does not abrade the tendon (TECH 
FIG 6C). 
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A A Cc F 
TECH FIG 4 « Closed intramedullary reduction and fixation technique of Metaizeau with an elastic nail. A-C. Proximal advancement 
of elastic nail through the medullary canal. D-F. The curved tip is directed toward and advanced into the displaced epiphyseal 
fragment. 





ah 
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TECH FIG 5 « The elastic nail is rotated anteriorly and medially to reduce the radial head. 


D 
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TECH FIG 6 « A. Intramedullary re- 
duction can be facilitated by concur- 
rent percutaneous pin reduction 
technique. B. The end of the nail is 
left proud off the entry site to facili- 
tate removal. C. If a dorsal entry 
point is used, the end of the nail is 
trimmed above the level of the 
tendons to prevent rupture. 








PEARLS AND PITFALLS 





Indications 


Injury to posterior interosseous nerve 
Radial versus dorsal approach 


= Limited to radial neck fractures that are angulated at least 30 degrees and have failed 
closed manipulation 


= Avoided by using the posterolateral route percutaneously 
= The radial approach is preferred to avoid late rupture of the extensor pollicis longus 


tendon. The surgeon should avoid injury to the sensory branch of the radial nerve. If the 
dorsal approach is used, the nail is trimmed above the dorsal aspect of the extensor 
tendons so as not to abrade it. 


Intramedullary manipulation 


= The Kirschner wire or flexible nail must be long enough to engage the epiphyseal 


fragment and still protrude enough distally to facilitate rotation of the wire or nail with 
a T-handle. A 1.8-mm Ilizarov wire is a useful alternative.'° 


Gauging the reduction 


= The goal is anatomic reduction, but stable reduction with angulation of less than 30 


degrees may be preferable to open reduction, which has been associated with increased 


stiffness. 122° 


Is fixation necessary? 


= If a good reduction is obtained by either technique, fixation is unnecessary if the fracture 


is stable during elbow flexion—-extension and supination—pronation under the image 
intensifier. However, retaining the elastic nail for stability allows early range of motion 
with confidence, but at the price of a subsequent general anesthetic for removal. 


POSTOPERATIVE CARE 


= A short period of immobilization may be necessary, but usu- 
ally active range of motion can be started after 2 to 3 weeks. 
If the fracture is stable or stabilized by the elastic nail, the arm 
can be placed in a sling and gentle active range of motion 
encouraged as soon as tolerated. 

= Early passive range of motion is not recommended because 
of the risk of heterotopic ossification. 

= The elastic nail or Kirschner wire is removed after 6 to 
8 weeks, when the fracture has healed clinically and 
radiographically. 


OUTCOMES 


= A good outcome, defined as a functional painless range of 
motion without complications, can be expected in 78% to 
93% of Judet grade 3 or 4 fractures treated by elastic stable 
intramedullary nailing.”*!°*'7 


COMPLICATIONS 


= Posterior interosseous nerve injury” 

= Injury to sensory branch of radial nerve 

= Late extensor pollicis longus rupture 

=" Penetration of the articular surface of the epiphysis, 
requiring early removal (FIG 6A) 

= Malreduction of the radial head flipped 180 degrees"! 
(FIG 6B-E) 

= Loss of reduction can be avoided by checking stability intra- 
operatively or retaining the Kirschner wire or elastic nail for 
fixation. 

=" Minor limitation of motion 

= Avascular necrosis 

=" Radial head overgrowth 

= Premature physeal closure is common as a consequence of 
the injury, treatment, or both. The clinical significance of this 
is unknown but it is unlikely to be problematic. 

= Nonunion*’ 

=" Radioulnar synostosis 

= Periarticular heterotopic ossification 
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FIG 6 © A. Penetration of the articular surface of the epi- 
physis may irritate the joint. B-E. Malreduction of radial 
head flipped 180 degrees. B. Salter-Harris type II Judet 4 
fracture. C. Pin-assisted reduction. D. Apparent anatomic 
reduction. E. AP view reveals radial head fragment is 
flipped over 180 degrees. 
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Supracondylar Humeral 
& Osteotomy for Correction 
of Cubitus Varus 


Yi-Meng Yen, Richard E. Bowen, and Norman Y. Otsuka 


DEFINITION 


= Cubitus varus is a deformity of the distal humerus that re- 
sults in a change in the carrying angle from physiologic valgus 
alignment between the upper arm and forearm. 

= Historically, cubitus varus was the most common complica- 
tion following supracondylar humerus fracture, with a fre- 
quency as high as 30%. 

= The appearance of the deformity is the major concern for 
the parents and patient, as there is little functional deficit.* 


ANATOMY 


=" Bone 
" The distal humerus consists of two structural columns of 
bone medially and laterally. 
=" The olecranon and coronoid fossae separate the two 
structural columns. 
= The cortices of the distal humerus are thinner in the child 
than the adult, and the anteroposterior (AP) diameter of the 
distal humerus is decreased in children. 

=" Neurovascular 
" The median nerve and brachial artery run along the medial 
border of the biceps brachii muscle in the upper arm and 
come to lie anterior and slightly medial in the cubital fossa. 
" The radial nerve enters the anterior compartment of the 
arm in the distal third of the upper arm and travels between 
the brachialis and brachioradialis over the anterolateral dis- 
tal humerus before it enters the supinator muscle in the 
proximal forearm. 


PATHOGENESIS 


=" Cubitus varus occurs because of a malunited supracondylar 
humerus fracture and is not due to a growth disturbance of the 
distal humerus epiphysis. 

= The primary cause is coronal varus angulation of the distal 
humeral metaphysis. 

=" Varus angulation can be caused by medial column com- 
minution, causing the fracture to collapse into varus. Varus 
angulation can rarely be caused by lateral gaping at the frac- 
ture site. 

=" Other coexisting deformities can exist with cubitus varus, in- 
cluding extension and internal rotation of the distal fragment.’ 


NATURAL HISTORY 


= The deformity is static and does not evolve with time. 

=" The deformity is often not appreciated until several months 
after the fracture heals and the elbow flexion contracture that 
results from casting resolves. 

=" Tardy ulnar nerve palsy may occur owing to compression by 
chronic malpositioning of the triceps muscle due to a shift of 
the olecranon in the olecranon fossa. 

=" There may be a slight increased risk of subsequent lateral 
condyle fractures in children with cubitus varus.' 
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PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= A detailed history is essential to understand parental and pa- 
tient expectations of treatment in cubitus varus. 

= Physical findings include a varus change in the carrying 
angle when compared to the opposite, unaffected side. 

= Elbow and forearm range of motion should be documented. 
=" A thorough examination of nerve function to the forearm 
and hand should be performed. 

=" Hyperextension of the elbow indicates coexisting extension 
deformity at the malunion site. 

= A loss of external rotation can be due to shoulder pathology 
or due to an internal rotation malunion at the distal humerus. 
=" The difference in carrying angle between the affected and 
unaffected side is the amount of cubitus varus. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Plain AP and lateral radiographs of the affected elbow 
should be obtained (FIG 1). 

= Additionally, an AP radiograph of the affected and unaf- 
fected elbow in full extension and supination that includes the 
distal humerus, forearm, and wrist should be obtained. This is 
used to plan the amount of surgical correction desired. 

=" Advanced imaging (MRI of the elbow) may be of value in 
young children where distal humeral growth disturbance is 
suspected.” 


DIFFERENTIAL DIAGNOSIS 


Medial humeral condylar or trochlear growth disturbance 
Malunited lateral humeral condyle fracture 

Congenital dislocation of the radial head 

Malunited fracture/separation of the distal humeral physis 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management does not affect the appearance 
of cubitus varus. 

= If correction is contemplated, surgery should be undertaken 
at least 1 year after injury to ensure that there is no evidence 
of distal humeral avascular necrosis. 


SURGICAL MANAGEMENT 


= Surgical indications 
" Skeletally immature child with posttraumatic cubitus 
varus 
= Full elbow extension and flexion to at least 130 degrees 
= Child and family unaccepting of the appearance of the 
elbow 
= At least 1 year after initial injury 

= Surgical goals 
" Correction of the carrying angle to equal the contralateral 
side’ 
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FIG 1 © AP and lateral radiographs obtained preoperatively for 
a patient with cubitus varus. 
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= In our experience, rotational deformity is well compen- 
sated for by shoulder and forearm rotation and does not 
need to be addressed surgically. 


Preoperative Planning 


=" Preoperative AP radiographs of both elbows should be 
taken in full extension and supination. 
" The angle of Bauman and the humeral-elbow-wrist angle 
should be determined for both sides. 
= A tracing of the normal arm on tracing paper is reversed 
and superimposed on the radiograph of the operative arm 
(FIG 2A-C). 
= By adding the humeral-elbow-wrist angles, the amount of 
planned correction can be estimated (FIG 2D).° Alternatively, 
attempting to match the Bauman’s angle of the contralateral 
side can help estimate the amount of correction needed. 
=" The distal osteotomy cut is just proximal to the olecranon 
fossa. 
= The osteotomy is planned with equal lengths of the proxi- 
mal and distal limbs; this diminishes the tendency for a lateral 
condylar prominence.° 
= The angle of the wedge to be removed is the same as the 
angle of desired correction. 
= Because the osteotomy is performed proximal to the defor- 
mity apex and hinges medially, there is a lateral shift of the 
forearm axis that will make the lateral condyle more promi- 
nent than in the normal arm, even with equal osteotomy limbs. 
" This appearance is more accentuated in patients with neu- 
tral humeral-elbow-wrist angles. 
" In these cases, a complete osteotomy with medial transla- 
tion of the distal fragment should be planned. 


Positioning 
= The patient is placed supine with the arm on a radiolucent 


extremity table. A sterile upper arm tourniquet is used; this fa- 
cilitates complete intraoperative visualization of the upper arm. 


FIG 2 © Preoperative templating for the osteotomy. A-C. Preoperative assessment using radi- 
ographs of the affected and nonaffected sides. A tracing of the nonaffected side is reversed and 


of equal limb lengths for the osteotomy. 





placed over a radiograph of the affected side to estimate the amount of correction. D. Planning 








32 


Section | TRAUMA 


EXPOSURE 


OSTEOTOMY CLOSURE AND FIXATION 


The lateral approach to the distal humerus is used, be- 
tween the lateral head of the triceps muscle and the ex- 
tensor carpi radialis longus muscles (TECH FIG 1A). A 
posterior approach can be used as well, if cosmesis is of 
paramount importance; however, the lateral approach is 
technically simpler. 

The distal humerus is subperiosteally exposed both ante- 
riorly and posteriorly, and small Hohmann retractors are 
placed (TECH FIG 1B). 
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The proximal and distal osteotomy cuts are made with a 
small oscillating saw as per the preoperative template. 
Kirschner wires inserted under image intensification can 
be used to mark the osteotomy sites. 

The distal osteotomy is performed proximal to the ole- 
cranon fossa. The proximal osteotomy meets the distal 
osteotomy at the medial cortex, leaving it intact. 





TECH FIG 1 e A. Lateral approach to the elbow between the lateral head of the triceps and the extensor carpi radi- 
alis longus. Incision is placed posterior to the epicondylar ridge. B. The incision is carried down to the epicondylar 
ridge with the triceps posterior and the extensor carpi radialis longus anterior. The dissection is continued subpe- 
riosteally both anterior and posterior completely to the medial side. The osteotomy is then performed with an oscil- 


lating saw. 


With the elbow extended, a valgus force is placed on the 
elbow, closing the osteotomy by creating a greenstick 
fracture at the medial cortex. 

A single distal lateral-to-proximal medial Kirschner wire 
is placed percutaneously (not through the incision) to 
hold the osteotomy apposed. 

The osteotomy site is tested for stability with real-time 
fluoroscopy. If the osteotomy is unstable, a second distal 
medial-to-proximal lateral Kirschner wire is used to sup- 
plement fixation (TECH FIG 2). 

If there is a lateral condylar prominence after perform- 
ing the greenstick osteotomy, the Kirschner wire is re- 
moved, the medial cortex is cut, and the distal fragment 
is translated medially to remove the prominence. In this 


situation, routine medial and lateral Kirschner wire fixa- 

tion is used. 

The medial Kirschner wire is inserted with the elbow rel- 

atively extended. 

= The thumb is used to hold the ulnar nerve posterior 
to the medial epicondyle within the cubital tunnel. 

= A small skin incision is made over the medial epi- 
condyle, and a hemostat is used to spread the subcu- 
taneous tissue to the underlying bone. 

Care is taken to prevent the wires from crossing at the 

osteotomy site. 

Fixation is evaluated with biplanar fluoroscopy to ensure 

proper pin placement before wound closure. 
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TECH FIG 2 ® Fixation with medial and lateral 
Kirschner wires above the physis. 


WOUND CLOSURE 


= The wound is irrigated and closed in layers in the stan- tion. The patient should be closely monitored in the early 
dard fashion. postoperative period for swelling. 

= — The Kirschner wires are left protruding fromthe skin and #® _ If asplint is used, it is converted to a long-arm cast after 
are bent to prevent migration of the pins underneath swelling has subsided. 
the skin. 


= A long-arm cast or splint is applied with the elbow in 
90 degrees of flexion and the forearm in slight prona- 





PEARLS AND PITFALLS 


Patient selection = Parents and patients should understand the goal of the surgery, which is to improve the 
appearance of the elbow. 





Diagnosis = Patients with other conditions, such as growth disturbance of the distal humerus, should be 
identified preoperatively. 
= These patients often have a progressive deformity and are better treated at skeletal maturity 
using other fixation methods. 


Preoperative planning =" Before operating, the surgeon must know the normal humeral-elbow-wrist angle for each 
particular patient as well as the amount of deformity. 


Performing the osteotomy ™ Subperiosteal exposure in the distal humerus is essential. 
= An intact medial cortex greatly enhances osteotomy stability. 


Lateral condylar prominence = The osteotomy should be assessed with the elbow extended after closing the osteotomy. 
= Patients with a neutral contralateral carrying angle should have complete osteotomy with 
translation of the distal fragment. 


Fixation problems ® Stability of fixation should be tested intraoperatively with fluoroscopy, and additional 
fixation is added as necessary. 


POSTOPERATIVE CARE 


= The patient is then given a sling and active range-of-motion 


=" With the technique described, patients are immobilized in a exercises are initiated. 
long-arm cast for 4 to 6 weeks. When radiographs show callus =" Once radiographic union is achieved, the sling is discontin- 
formation at the osteotomy site, the percutaneous Kirschner ued, and the patient can begin full activities once range of mo- 


pins can be removed (FIG 3). tion is restored. 
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OUTCOMES 


= Patient outcomes after supracondylar humeral osteotomy 
are good to excellent in most cases, with retention of range of 
motion and improved appearance of the elbow as the major 
outcome measures. 

=" Loss of fixation, persistent lateral condyle prominence 
or undercorrection, and hypertrophic scar negatively impact 
outcome.° 


COMPLICATIONS 


Persistent lateral condylar prominence® 
Nonunion 

Refracture® 

Hypertrophic lateral scar® 

Loss of fixation? 

Recurrent deformity 

Radial or ulnar nerve palsy 

Infection 








FIG 3 e Postoperative AP and lateral 
radiographs. 
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9 Pediatric Shoulder Fractures 


Craig P. Eberson 


DEFINITION 


=" Commonly seen fractures include proximal humerus frac- 
tures (physeal and metaphyseal) and clavicle fractures and dis- 
locations, as well as less commonly seen fractures of the 
scapula. 

=" Most of these injuries can be treated nonoperatively because 
of the significant remodeling potential. 

=" Certain fractures will require operative treatment, however, 
due to decreased remodeling capacity in the older child (prox- 
imal humerus), risk to surrounding structures (sternoclavicular 
dislocations), and open or threatened skin (clavicle fractures). 
=" Acromioclavicular joint injuries are often physeal fractures 
in the growing child and are almost exclusively so in children 
younger than 16 years old. The ligaments usually remain at- 
tached to the thick clavicular periosteum, and are thus usually 
intact. 

=" Opinion varies on the need for surgical repair, although 
most do well treated nonoperatively.*”° 

= Aggressive surgical treatment for some of these injuries 
(clavicle fractures, scapular fractures) is rarely indicated for 
most children. Operative treatment in these cases is the same 
as for the adult patient and will be covered in other chapters 
in this book. 


ANATOMY 


=" The proximal humeral physis is responsible for 80% of 
humeral growth. It remains open usually until age 14 to 17 in 
girls, age 18 in boys. 
= A major portion of the physis is extracapsular and vulner- 
able to injury. 
« The anterior periosteum is usually thinner than the poste- 
rior, often leading to hinging of the fragments posteriorly 
and possible entrapment of the periosteum anteriorly. 







Musculocutaneous 
nerve 


Axillary nerve 


Median nerve 
Ulnar nerve 


FIG 1 © Relationship of the brachial plexus and axillary artery to 
the proximal humerus. The axillary nerve wraps around the 
humerus to insert into the deltoid, roughly 5 cm distal to the 
acromion. 


= The proximal humerus lies in close proximity to the brachial 
plexus and axillary vessels. Care should be taken to document 
function of the innervated musculature before initiating 
treatment (FIG 1). 
=" The medial clavicular epiphysis is the last in the body to ap- 
pear (age 18 to 20 years) and the physis is the last to close (age 
23 to 25 years). 
" This is why most of these injuries are physeal fractures 
rather than true dislocations.* 
=" Immediately posterior to the sternoclavicular joint lie the 
trachea, esophagus, and great vessels. 


PATHOGENESIS 


=" Injuries to the proximal humerus occur from either a direct 
blow to the region or indirect trauma, such as a fall onto the 
outstretched hand. 
"In cases of pathologic fractures through bone cysts, 
throwing a ball or reaching overhead can precipitate an in- 
jury. 
= Sternoclavicular injuries are usually caused by a direct blow 
to the clavicle, or by a blow to the lateral shoulder girdle that 
dislocates the clavicle anteriorly or posteriorly. 
= Scapular fractures are high-energy injuries, requiring com- 
prehensive evaluation as per Advanced Trauma Life Support 
protocols. 


NATURAL HISTORY 


=" Because of the significant remodeling potential in young 
children, most patients will heal without sequelae from frac- 
tures of the proximal humerus or clavicle. 

= Intra-articular fractures of the glenoid should be treated as 
in the adult. 

=" Morbidity from associated injuries, however, may be signif- 
icant, and thus a thorough evaluation is of paramount impor- 
tance. Posterior sternoclavicular dislocations in particular 
threaten the great vessels, trachea, and esophagus. 

= Debate exists as to the natural history of distal clavicle frac- 
tures with significant displacement, but most agree that con- 
servative treatment is effective.* 

=" General guidelines are available to define acceptable healing 
alignment for proximal humeral fractures (Table 1). 


Acceptable Angulation for 
Proximal Humeral Fractures 





Maximum Acceptable 


Patient Age (years) Degrees of Angulation 


7 70 
8 to 12 60 
S12 45 


Modified from Dobbs MB, Luhmann SL, Gordon JE, et al. Severely displaced proximal 
humeral epiphyseal fractures. J Pediatr Orthop 2003;23:208-215. 


29 





56 Section | TRAUMA 


=" Examples of complete or near-complete remodeling are 
readily found in the literature for even completely displaced 
fractures in children less than 15 years old, however, so a 
clear understanding of the goals of the procedure and its as- 
sociated risks is crucial.’ 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" History should include mechanism of injury, antecedent 
pain, and neurologic symptoms in the hand and arm. 
=" A high-energy injury should also prompt a full trauma 
workup using standard Advanced Trauma Life Support 
protocols. 
= Physical examination begins with a thorough assessment of 
the skin for areas of compromise, particularly in clavicle 
fractures. 
= Swelling from a sternoclavicular dislocation may mask ini- 
tial displacement, so this area should be palpated for pain or 
crepitance. Stridor in the setting of a sternoclavicular injury is 
particularly worrisome. 
= A neurologic examination to include the brachial plexus 
distribution, as well as a vascular examination of the arm, is 
necessary. 
" Neurologic injury in conjunction with fracture may sig- 
nify ongoing compression (ie, sternoclavicular dislocation) 
and may affect prognosis. 
" A high suspicion for vascular injury is important in pre- 
venting late sequelae. 





D 


= The clinician should palpate the medial and lateral clavicles 
and the proximal humerus to differentiate fracture from soft 
tissue injury. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Standard initial views of the shoulder should include a true 
anteroposterior (AP) view, a “shoot-through” lateral, and an 
axillary lateral view (FIG 2A,B). 
=" The “serendipity view” is helpful in cases of medial clavicle 
fracture or dislocation. This is taken by obtaining an AP radi- 
ograph of both clavicles with the beam angled 40 degrees 
cephalad (FIG 2C), 
= Computed tomography can be helpful to assess cases of sus- 
pected sternoclavicular dislocation, as a contrast study will 
provide information about potential vascular injury (FIG 2D), 
as well as detail the relationship of the clavicle to the trachea 
and esophagus (FIG 2E). 
= CT is the standard, although some have recommended 
MRI.* 


DIFFERENTIAL DIAGNOSIS 


=" Proximal humerus metaphyseal fracture 
=" Proximal humerus physeal injury 
Shoulder dislocation 


Acromioclavicular fracture-dislocation 
Sternoclavicular fracture-dislocation 


Child abuse 





FIG 2 © A,B. Preoperative AP and lateral radiographs of a Salter-Harris type II fracture of the proximal humerus in 
a 15-year-old girl show mild valgus angulation and complete displacement with 90 degrees of angulation on the 
lateral view. C. In a different patient, apical oblique radiograph taken with fluoroscopy before reduction of a pos- 
terior sternoclavicular dislocation. Note the asymmetric heights of the inferior clavicles (*). D. In another patient, 
three-dimensional contrast-enhanced computed tomography image of left posterior sternoclavicular dislocation. 
Note the relationship to the great vessels. E. Axial view of the same patient as in D, demonstrating the injury to 
be a physeal fracture. The epiphysis (arrow) remains in place, while the metaphysis (*) is posteriorly displaced, im- 


mediately anterior to the vasculature. 


NONOPERATIVE MANAGEMENT 


=" Most of these injuries can be treated nonoperatively. 
=" For proximal humeral fractures with acceptable alignment, 
treatment consists of sling management for comfort for several 
weeks, followed by a home range-of-motion program and re- 
turn to activities in 6 to 8 weeks. 
= Treatment of clavicle fractures consists of a sling for initial 
comfort, followed by a figure 8 bandage or sling, depending 
on the patient’s preference. 
" Immobilization can usually be discontinued after 3 weeks, 
with return to sports by 6 to 8 weeks. 
=" While surgical management of distal clavicular physeal in- 
juries has been advocated by some, the majority of patients do 
well with treatment similar to clavicular shaft fractures. 
" Older children can be treated as adults, and the surgical 
treatment of these injuries is discussed elsewhere. 


SURGICAL MANAGEMENT 


= The operative management of clavicle fractures and disloca- 
tions is well covered elsewhere in this text. Operative treat- 
ment of proximal humeral fractures will subsequently be 
discussed, as well as reduction of posteriorly displaced frac- 
ture-dislocations of the sternoclavicular joint. 

=" For physeal or metaphyseal fractures of the proximal 
humerus, operative treatment should be considered for frac- 
tures with unacceptable residual displacement. 

= Closed reduction is often unstable and fixation is desirable. 
=" Because of open growth plates, standard plate-fixation tech- 
niques are rarely indicated. 

=" Threaded-wire fixation provides sufficient temporary fixa- 
tion to allow healing. 

= Failure to obtain a satisfactory closed reduction may require 
an open reduction, and surgeons should be familiar with this 
technique as well. 
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= Interposition of the biceps tendon has been noted to be the 
most common cause of a failed closed reduction,’ but other 
authors disagree.° 


Preoperative Planning 


=" Good-quality radiographs of the shoulder should be available. 
= It is important to rule out concomitant glenoid fracture or 
dislocation before surgery. 


Positioning 
Proximal Humerus Fractures 


=" For proximal humeral fractures, the patient is positioned in 
a modified beach-chair position, with the back elevated 
roughly 30 degrees. 
=" The imaging machine is then brought in from the head of 
the table. It can be tilted “over the top” to get an AP view and 
rotated to get an axillary lateral view (FIG 3). 
" Ifthe table if too upright, the AP view may be difficult to ob- 
tain because of limited excursion of the C-arm past neutral. 
= A vacuum positioning device (beanbag) is positioned under 
the patient’s head, neck, and upper torso. This allows the pa- 
tient to be slid slightly over the edge of the table to allow full 
access to the shoulder girdle. 
= A chest pad attached to the table prevents the patient from 
being pulled off the table inadvertently when traction is ap- 
plied to the arm. 
" Alternately, a sheet can be wrapped around the torso and 
secured by an assistant on the opposite side of the table. 


Sternoclavicular Dislocation 


= Patients with posterior sternoclavicular dislocations should 
be positioned supine with a roll between their shoulders to 
allow hyperextension of the shoulder girdle. It is helpful to po- 
sition the patient with the operative side near the edge of the 
table. 


FIG 3 « Intraoperative positioning for reduc- 
tion. A. The patient is over the edge of the 
table with the entire arm exposed. The 
imaging machine is brought in from the 
head of the table. It is tilted into the “over- 
the-top” position to obtain a true AP view 
of the shoulder. Note the surgeon’s hands; 
traction is applied with the left hand, while 
the right helps to correct the adduction of 
the distal shaft fragment. B. Without mov- 
ing the arm, the image can be rotated to ob- 
tain an axillary lateral view. In this simulated 
figure, the fluoroscopy unit is not draped for 
clarity; in practice, it is brought up beneath 
the drapes to maintain the sterile field. The 
surgeon is applying pressure to reduce the 
apex anterior angulation, while maintaining 
traction with the left hand. Under the 
drapes, a chest pad prevents the patient 
from being pulled off the table with trac- 
tion; a sheet wrapped around the torso and 
held by an assistant would accomplish the 
same purpose. 
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Long head of 
biceps muscle 


Short head of 
biceps muscle 


Coracobrachialis 
muscle 


Insertion of 
pectoralis major 
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Approach 
Proximal Humeral Fractures 


=" Reduction of proximal humeral fractures is, generally 
speaking, a closed procedure. 

= Interposed tissue may require an open approach, which is 
through the deltopectoral interval (FIG 4). 


Sternoclavicular Joint 


=" Reduction of sternoclavicular dislocations can also be per- 
formed in a closed fashion and treated without surgical repair 
of the ligaments. 
" While I have treated these injuries with closed reduction 
followed by a figure 8 splint, close follow-up and postreduc- 
tion CT are required to detect loss of reduction. 


Deltoid muscle 


Pectoralis major 
muscle 


Cephalic vein 






FIG 4 © Approach for open reduction. A. One of 
two possible incisions is made: the standard inci- 
sion made in the deltopectoral interval, which is 
helpful for wide displacement, or a more cos- 
metic incision in the axilla. In the latter incision, 
the skin is then undermined to perform the 
same deep dissection. B. The cephalic vein is 
identified as the marker for the interval. It is 
dissected free and the interval entered. C. The 
obstacles to reduction can now be cleared. 
Interposed biceps tendon, interposed perios- 
teum, and buttonholing of the shaft through the 
deltoid are possible causes of inability to obtain 
a reduction. 


" Because of this, others have recommended primary repair 
of all of these injuries.® 
=" Open reduction of these injuries is performed using a trans- 
verse incision overlying the sternoclavicular joint. A pediatric 
thoracic—vascular surgeon should be on standby, preferably in 
the room, because of the proximity of several vital structures 
in this region. 
" The incision is carried through the platysma muscle down 
to the clavicular periosteum, which is elevated to expose the 
clavicle. 
= Dissection is limited to within the periosteum to avoid in- 
jury to surrounding structures. 


PROXIMAL HUMERUS FRACTURE 


Closed Reduction 


To reduce the fracture, the forces acting on the humerus 

need to be understood. The proximal fragment tends to 

be abducted and externally rotated due to the pull of 

the rotator cuff musculature, while the shaft is adducted 

from the pull of the pectoralis major muscle. To correct 

this, the first step is usually abduction and external rota- 

tion of the arm. 

Traction is then applied to disengage the fragments. It is 

helpful to have an assistant stabilize the torso. 

Usually, the shaft can be manipulated in line with the 

head at this point. 

= The typical angulation to be corrected is varus and 
apex anterior angulation. 

= It is often helpful to think about pushing down on the 
proximal end of the shaft to correct the angulation 
while maintaining abduction to correct the varus. 

In smaller, thin patients it is possible to grasp the head 

through the axilla to assist with the reduction. 

Once reduced, stabilization ensues (see below). 


Open Reduction 


In rare cases, a closed reduction cannot be successfully 
achieved. A common cause is entrapment of periosteum 
or biceps tendon. 
In these cases, a small deltopectoral incision can be made. 
= This is a limited approach, not the wide extensile expo- 
sure needed for open reduction and internal fixation. 
=" A finger can usually be inserted through a small 
opening to allow clearance of obstructing soft tissue. 
Fixation then ensues (see below). 
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Percutaneous Pin Fixation 


Once reduced, the fracture is then stabilized. 

Threaded-tip pins, such as the 2.5-mm guide pins found 

in most cannulated hip screw systems, are ideal for pedi- 

atric use and are my first choice, although they are po- 

tentially unsuitable for use in osteoporotic adult bone. 

Fully threaded pins can also be used. 

It is important to understand the relationship of the im- 

portant neurologic structures to the proximal humerus. 

= The axillary nerve lies in the deltoid muscle 5 cm (in 
an adult, less in a child) from the tip of the acromion 
laterally. 

= More anteriorly, the musculocutaneous nerve is at risk. 

Pins are placed through small stab incisions using a tissue 

protection sleeve after a hemostat has been used to 

spread the tissue down to the bone. 

Often the reduction is stable enough to allow the arm 

to be placed down at the patient’s side and internally 

rotated, which is the position of postoperative 

immobilization. 

= If not, the pin can be inserted in the abducted posi- 
tion, but on moving the arm down, the skin will then 
be tented by the pin. 

= Arelaxing incision can be made, or the first pin put in 
provisionally, the arm moved to the patient's side, 
and the first pin removed after additional fixation has 
been obtained. 

The easiest pin to place first is usually from distal lateral 

to proximal medial (TECH FIG 1A). 

= The pin is started perpendicular to the shaft, and the 
surgeon’s hand is then dropped to the correct angle. 





TECH FIG 1 ® Pinning of a proximal humeral fracture in the patient in Figure 
2A,B with a Salter-Harris type Il humeral fracture. A. After reduction, the first 
pin is placed. B. A second pin is then placed, starting more anteriorly and prox- 
imally. C. The pins are placed in a divergent fashion. The stab incisions (not 
shown) should be well distal to the pin—bone interface to prevent soft tissue 
tension. D. An “advance-withdrawal” test is performed under live fluoroscopy 
to confirm stability as well as the extra-articular nature of the pins. 
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= |t is important to make the initial approach down to 
the bone along the final angle of pin insertion to 
avoid skin tension problems later. 

= The pin is advanced into the head, stopping several 
millimeters below the subchondral bone. 

A second pin is then added (TECH FIG 1B). 

=" | usually prefer to place this pin starting more proxi- 
mally and anteriorly to the first pin. 

=" If the first pin is aimed at the inferior portion of 
the head, the second can be aimed more superi- 
orly for greater pin divergence across the fracture 
(TECH FIG 1C). 

If needed, a third pin can be added from the greater 

tuberosity downward into the shaft. 

=" This is helpful in small patients for better purchase in 
the head, but | usually avoid this pin because of a 
higher rate of soft tissue complications. 


After fixation is complete, an “advance—-withdrawal” test 

is performed (TECH FIG 1D), similar to that done for a 

slipped capital femoral epiphysis. 

= The shoulder is rotated and the tips of the pins should 
appear to approach the joint surface and then with- 
draw with continued rotation. 

= Pins that appear too long should be pulled back. 

In larger patients near or at skeletal maturity with suf- 

ficient bone stock, cannulated screws can be inserted 

over a wire in the same fashion as described for 

threaded pins. 

=" | have found this technique rarely necessary, but it 
does avoid the issue of pin management (see below). 


POSTERIOR STERNOCLAVICULAR FRACTURE-DISLOCATIONS 


Closed Reduction 


My preferred initial technique is to attempt a closed re- 

duction of these injuries. This is usually successful only if 

performed within 48 hours of injury. 

With a sandbag or towel roll placed between the shoul- 

der blades, the patient is placed supine with the involved 

side close to the edge of the operating table. 

Intravenous anesthesia or conscious sedation may be 

used, but | prefer to perform the reduction under gen- 

eral anesthesia, both for patient comfort and so | can 

proceed to open reduction if required. 

Longitudinal traction on the ipsilateral arm is applied by 

an assistant. 

= The shoulder is then gradually extended. 

=" This often will reduce the dislocation. 

If unsuccessful, the clavicle can be grasped and pulled 

upward, especially in thin patients. 

Finally, the region can be prepared and draped and a 

towel clip used percutaneously to grasp the clavicle and 

reduce it. 

The reduction is usually marked by a satisfying clunk and 

is often stable. This is not always the case, however, and 

the stability should be carefully confirmed. 

= Gentle posterior pressure on the clavicle confirms the 
stability of the reduction. 

= The shoulder is taken through a range of motion and 
the reduction checked as well. 

=" Finally, intraoperative fluoroscopy is used to confirm 
symmetry of the sternoclavicular joints. 

If confidence in a stable reduction exists, the patient is 

awakened and a postoperative CT scan obtained to as- 

sess the reduction (TECH FIG 2). 

Reductions of questionable stability require an open 

reduction. 


Open Reduction 


The medial clavicle is approached through a transverse 

incision centered on the sternoclavicular joint (TECH 

FIG 3A). 

The platysma muscle is divided and the clavicle perios- 

teum exposed. 

It is helpful to come down on the clavicle laterally away 

from the injury. The periosteum can then be elevated 

medially, toward the injury. 

=" This allows careful exposure of the medial fracture (in 
the case of a true dislocation) or the physeal fracture 
site (in the case of a fracture-dislocation). 

The epiphysis lies laterally to the intra-articular disc liga- 

ment. Care should be taken when exposing this area so 

that dissection does not inadvertently excise the epiphysis. 

The medial clavicle is grasped with a pointed tenaculum 

and reduced (TECH FIG 3B). 

Although descriptions exist of temporary plating or pin- 

ning, the risks of these fixation techniques (migration of 

Kirschner wires, need for plate removal) do not justify 





TECH FIG 2 « Same patient as in Figure 2D and E, a 15-year- 
old boy with a posterior sternoclavicular fracture-dislocation. 
CT scan obtained after closed reduction shows acceptable re- 
duction of the physeal injury (arrow). 


= The first step in this procedure is ensuring the presence 
of a pediatric vascular-thoracic surgeon in proximity to 
the operating room, preferably in the room. 





their use. Suture fixation can be performed simply with 

good results.*8 

= For true dislocations, 1- to 2-mm holes are made in the 

medial clavicle and the sternum (TECH FIG 3C). 

=" | use a burr for better control. 

= There should be a generous bone bridge between the 
holes. 

= An absorbable, braided no. 1 suture (as opposed to 
wire often used in adults) is passed through the drill 
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=™ It is occasionally easier to pass two separate sutures in 
these cases. 

=" The needle is passed through one drill hole, out 
across the fracture site, and up through the hole in 
the corresponding fragment. 

= This is repeated, and both sutures are subsequently 
tied. 

The periosteum is then repaired. 

After fixation, the reduction is tested for stability, and 
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after confirmation of such, the wound is closed using 
standard technique. 


holes in a figure 8 fashion and tied securely. 
= For fracture-dislocations, the same technique is applied, 
but the medial holes are placed in the metaphyseal frag- 
ment (TECH FIG 3D). 












Platysma muscle 
Clavicle 


Sternum, Clavicle 


Sternum 





C Dislocation 


Clavicle 


Periosteum 


D Fracture 


TECH FIG 3 e Approach for open reduction of a posterior sternoclavicular injury. A. The 
incision is centered on the joint, in line with the clavicle. Under the subcutaneous tissue 
lies the platysma muscle, which is also split in line with the incision. B. The clavicle is ex- 
posed subperiosteally, beginning laterally and working medially toward the joint. It can 
then be grasped with a towel clip and reduced. It is crucial to remain subperiosteal with 
the clip to avoid inadvertent injury to the vessels lying immediately posteriorly. After re- 
duction, fixation is achieved with sutures. C. For a pure dislocation, a figure 8 pattern 
through burr holes will secure the joint. D. For a fracture-dislocation, it is often easier to 
use two separate sutures perpendicular to the fracture line. 





PEARLS AND PITFALLS 


Proximal humerus 





Reduction = The arm should be fully abducted to allow reduction of the shaft onto the head. Gapping at the fracture 
may signify interposed tissue, and the preparation should allow open exposure if required. 

Pinning = The surgeon should avoid placing the pins in the region of the axillary and musculocutaneous nerve. The skin 
should be handled carefully and multiple punctures avoided to minimize soft tissue complications. 

Indications = A large remodeling potential exists. The surgeon should carefully consider patient age and remodeling ca- 


pacity before proceeding with surgery. The surgeon should accept less-than-perfect reduction in lieu of open 
reduction if possible to avoid the complications associated with an open approach. 


Sternoclavicular joint 
Closed reduction =™ The surgeon should consider open reduction and stabilization if doubt exists about stability. 


Open reduction = Preoperative imaging can identify potential associated injuries. A vascular surgeon should be available. 
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FIG 5 e Radiograph taken 4 weeks after surgery of the patient 
in Techniques Figure 1, before pin removal. Medial sclerosis in- 
dicates healing. 


POSTOPERATIVE CARE 
Proximal Humeral Fractures 


= Aftercare of the pins is controversial. I prefer to leave the 
pins out of the skin for removal in the office. 
= This is usually easily accomplished at 3 to 4 weeks, when 
the fracture has gained sufficient stability from healing 
(FIG 5). 
= A battery-powered hand drill is helpful for securely grasp- 
ing the pins and backing them out, as the tips are threaded. 
" The pins are wrapped in iodine-soaked gauze and covered. 
= They can be checked and redressed if concern exists, and 
pin care with half-strength peroxide is helpful. 
= In obese patients, or in young patients who may have diffi- 
culty with activity restriction in the sling, soft tissue movement 
around the pins may lead to infection. 
" In these patients, the pins should be cut beneath the skin. 
=" Removal then requires an additional trip to the operating 
room, usually at 4 to 6 weeks after surgery. 
= After pin removal, the patients are instructed to begin gen- 
tle active-assisted shoulder range of motion. 
" Once healing is complete radiographically, formal physi- 
cal therapy can be initiated to gain any additional mobility 
and strength. 
" Most children do well, however, by gradually resuming 
activities at their own pace. 


Sternoclavicular Joint Injuries 


= After postreduction CT confirms reduction, the patient is 
followed at weekly intervals for the first 3 weeks with apical 
oblique radiographs. 

" Immobilization in a figure 8 harness is continued for 

6 weeks. 

" Return to sports is allowed at 3 months. 
=" Open reductions are protected for 4 to 6 weeks in sling and 
swathe. 

" Gentle range of motion is begun at 4 weeks. 

" Again, sports participation is restricted for 3 months. 


OUTCOMES 
Proximal Humerus 


=" Most patients with proximal humeral fractures will do well 
regardless of the treatment method chosen. 


=" Younger patients, particularly less than 15 years of age, will 
do well with closed treatment in the absence of neurovascular 
injury or open fracture. 

= Operative treatment usually results in satisfactory healing, 
although several reports note a high rate of complications 
from operative treatment, including late fracture through a pin 
hole and late osteomyelitis.' 


Sternoclavicular Joint 


=" Patients who undergo closed reduction of posterior stern- 
oclavicular joint fracture-dislocations can be expected to do well. 
=" Some authors recommend accepting residual displace- 
ment unless the patient has symptoms of mediastinal com- 
pression, as remodeling of the fracture can be expected; 
however, that view is not universal.’° 
=" Some authors believe that closed reduction is not suffi- 
ciently stable and report excellent functional outcomes from 
open reduction.® 
= Anterior sternoclavicular joint injuries, after reduction, are 
usually unstable. 
" The outcome in these injuries is usually quite good, as 
remodeling will occur and there is no risk to mediastinal 
structures.” 


COMPLICATIONS 


=" Proximal humerus fractures 
Nerve injury 
Pin tract infection or osteomyelitis 
Persistent stiffness 
Growth disturbance 
Fracture through pin hole in cortex 
= Sternoclavicular injury 
" Infection 
" Neurovascular injury 
= Persistent subluxation 
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DEFINITION 


=" Hip fractures in children may be intra-articular, involving 
the physis or femoral neck, or extra-articular, involving the in- 
tertrochanteric or subtrochanteric regions. 


ANATOMY 


=" The femoral head is composed of the capital femoral epiph- 
ysis, the subcapital physis, and the most proximal portion of 
the femoral neck (FIG 1A,B). 
=" The femoral neck forms an angle of about 135 degrees with 
the femoral shaft. The medial two thirds of the neck is intra- 
capsular; the lateral third is not. 
= The important retinacular vessels that supply the capital 
femoral epiphysis course along the femoral neck. 
" The intra-articular femoral neck has little if any 
periosteum. 
= The lesser trochanter is an apophysis in the child and forms 
the insertion for the iliopsoas. 
=" Much of the greater trochanter is apophyseal and forms the 
insertion for the hip abductors. 
= Fractures may occur through the growth plate (transphy- 
seal), in the intracapsular femoral neck, or in the region distal 
to the capsule (extracapsular neck), intertrochanteric, and sub- 
trochanteric regions (FIG 1C). 


PATHOGENESIS 


=" The hip may be fractured by means of a direct blow to the 
hip area or an indirect force applied to the limb. 

= While simple falls are a frequent cause of hip fractures in the 
elderly, they are less common in children. 
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=" An axial load to the femur as in a fall from height or a 
motor vehicle accident may result in hip fracture. 

= A direct blow from the side may result in hip fracture. 

= A violent twisting force to the limb may fracture the hip. 


NATURAL HISTORY 


=" Untreated proximal femoral physeal separations that are 
completely displaced have a poor prognosis because of the 
high likelihood of avascular necrosis of the capital femoral epi- 
physis and poor apposition for healing. 

=" Minimally displaced proximal femoral physeal separations 
have a better prognosis, much like those of an acute slipped 
capital femoral epiphysis. Untreated they are likely to heal, but 
there is a possibility of avascular necrosis. 

= Intra-articular fractures of the femoral neck that are undis- 
placed may heal but also may displace. 

" Displaced fractures have a poor prognosis for healing be- 

cause they are intra-articular and therefore will not generate 

much subperiosteal new bone. 

" Furthermore, there usually is not good bony apposition. 
= Extra-articular fractures of the femur (low neck, in- 
tertrochanteric, and subtrochanteric fractures) have a good 
prognosis for healing but tend to result in shortening, external 
rotation, and sometimes varus if untreated. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= A routine history is obtained to elicit the mechanism and en- 
ergy of injury. Concomitant injury and comorbidities must be 
recognized, 





FIG 1° A. Diagram of hip from the front. There are growth plates beneath the capital femoral epiphysis, the 
greater trochanteric apophysis, and the lesser trochanteric apophysis. B. Diagram of hip viewed from medially. The 
lesser trochanter protrudes posteriorly. C. Femoral regions where hips fracture: intracapsular neck (green), extra- 
capsular neck (6/ue), and intertrochanteric-subtrochanteric area (red). 
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FIG 2 © The affected limb appears shortened and externally 
rotated. 


= The patient will be unable to bear weight. 
= Typically the affected limb appears shortened and externally 
rotated (FIG 2). 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Generally, plain films are adequate to diagnose and plan 
treatment for hip fractures (FIG 3). 

=" Technetium bone scanning or MRI may indicate if the cap- 
ital femoral epiphysis is perfused, but the accuracy is question- 
able early on and the avascularity may not be reversible even 
if diagnosed. Reductive treatment should not be delayed for 
these imaging studies. 


DIFFERENTIAL DIAGNOSIS 


Pelvic fracture 

Slipped capital femoral epiphysis 
Synovitis 

Traumatic hemarthrosis of hip 








FIG 3 e AP and lateral radiographs of the proximal femur. 


NONOPERATIVE MANAGEMENT 


=" Nondisplaced or minimally displaced proximal femoral 
physeal separations and truly undisplaced neck fractures can 
be immobilized in a spica cast, but followed closely (in a few 
days) to watch for displacement. Displacement requires reduc- 
tion and fixation. 

=" Extra-articular fractures (low neck, intertrochanteric, and 
subtrochanteric fractures) in children less than 6 years old can 
be treated by closed manipulation and spica casting. Shortening 
more than 1.5 cm or varus of more than 15 degrees indicates a 
need for open reduction and internal fixation (ORIF). 


SURGICAL MANAGEMENT 


= All displaced proximal femoral physeal separations should 
be reduced and fixed. 

= All displaced intra-articular femoral neck fractures should 
be reduced and fixed. It may be prudent to fixate undisplaced 
fractures to prevent displacement. 

= Extra-articular hip fractures should be treated by ORIF in 
children age 6 or older, younger children whose fracture can- 
not be reduced closed, children with polytrauma, and those 
with wounds or skin conditions that would preclude casting. 


Preoperative Planning 


= The injured hip should be evaluated under anesthesia using 
fluoroscopy. 

=" Physeal separations and intra-articular neck fractures that 
can be reduced anatomically should be treated by percuta- 
neous fixation: pins in infants and toddlers (FIG 4A,B), screws 
in older children (FIG 4C,D). 





FIG 4 e Fixation of an intra-articular femoral neck fracture. 

A. Displaced fracture. B. Pins are drilled from the lateral 
femoral cortex retrograde across the fracture. For toddlers, pins 
are sufficient. Fractures below the physis in older children need 
screws. (continued) 





FIG 4 e (continued) C. Displaced basilar fracture of neck. 
D. After reduction, the fracture is fixed with screws. 


= Extra-articular fractures that are stable after reduction 


should be immobilized in a spica cast. 


Positioning 


= Positioning should be supine on a radiolucent table. A frac- 


ture table is generally not necessary (FIG 5A). 
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FIG 5 ® Patient positioning to achieve fluoroscopic views. 


=" The C-arm should be brought in from the opposite side. 
=" Lateral views of the hip can be obtained by “frogging” the 


leg (FIG 5B). 
Approach 


= Many neck fractures can be reduced closed and fixed percu- 


taneously from laterally. 


=" Neck fractures that cannot be reduced closed will need to be 


openly reduced by a Watson-Jones approach. 


= Extracapsular fractures that need fixation are approached 


from direct laterally. 


CLOSED REDUCTION AND PERCUTANEOUS FIXATION 


This technique is suitable for proximal femoral physeal 
separations and intra-articular neck fractures. 

With fluoroscopy engaged, the hip is examined under 
anesthesia. If displaced, it should be reduced, usually 
by traction and internal rotation and abduction (TECH 
FIG 1A). 





If the fracture can be anatomically reduced, the surgeon 
should proceed with percutaneous fixation; if not, open 
reduction should be undertaken. 

Percutaneous fixation is inserted from laterally, just below 
the greater trochanteric apophysis and up the femoral 
neck as visualized under the C-arm (TECH FIG 1B). 


TECH FIG 1 e Fixation of an intra- 
articular femoral neck fracture. 
A. Displaced fracture. B. After re- 
duction, pins are drilled from the 
lateral femoral cortex retrograde 
across the fracture. (continued) 
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It is customary to use smooth pins for physeal separations 
or neck fractures in very young children. In older or 
larger children, cannulated screws are necessary. Screws 
should stop short of the physis unless there is so little 
room between the physis and fracture that adequate fix- 
ation is precluded. 

A lateral view, usually by frogging the hip, is necessary to 
confirm pin placement. 

Two pins are usually sufficient to provide safe fixation. A 
total of three is even better, but three are often difficult 
to insert. 





TECH FIG 1 ¢ (continued) C. Drilling is per- 
formed over the guidewires with a cannu- 
lated drill. D. Cannulated screws are 
placed and the guidewires are removed. 


Once reduction and pin placement are confirmed by flu- 
oroscopy is two planes, pins are cut and left protruding 
from the lateral femoral cortex for later removal, or 
drilling is performed over pins (TECH FIG 1C) and cannu- 
lated screws are placed (TECH FIG 1D). 

Because there may be a tense hemarthrosis that tampon- 
ades flow in the retinacular vessels of the neck, it may be 
wise to aspirate the joint capsule to evacuate or decom- 
press the hip joint. 


OPEN REDUCTION AND INTERNAL FIXATION WITH PINS 
OR SCREWS 


If the fracture is found to be irreducible by closed means, 
open reduction must be performed. 

The goal is anatomic reduction to maintain perfusion to 
the capital femoral epiphysis, optimize bony apposition 
for healing, and prevent deformity, especially varus and 
external rotation. 

The hip is approached laterally (Watson-Jones approach). 
A direct lateral incision is made (TECH FIG 2A). 

The fascial lata is incised longitudinally (TECH FIG 2B). 
The vastus lateralis is incised longitudinally, and the 
muscles overlying the anterior hip capsule are elevated 
anteriorly. 





The anterior hip capsule is exposed (TECH FIG 2C). 

The hip capsule is incised longitudinally and “T"-ed if 
necessary to visualize within (TECH FIG 2D). 

The hematoma is evacuated. 

The fracture is reduced under direct vision (TECH FIG 2E). 
It is often necessary to pull the neck “up” with a bone 
hook to get it reduced. Reduction is confirmed by palpa- 
tion and then fluoroscopy. 

Fixation is then performed from the lateral femur as de- 
scribed above. 


TECH FIG 2 © Open reduction and 
internal fixation of intra-articular 
femoral neck fracture. A. Incision is 
made for Watson-Jones approach. 
B. The fascia lata is split longitudi- 
nally. (continued) 


TECH FIG 2 e (continued) C. The anterior capsule is exposed. D. A "T” incision is made in the capsule. E. The fracture is reduced 
under direct vision. Pins or screws are placed as described above. 


Chapter 10 PEDIATRIC HIP FRACTURES 





OPEN REDUCTION AND INTERNAL FIXATION WITH FIXED-ANGLE 
PLATE AND SCREWS 


Exposure and Fracture Reduction 


It is contemplated that the fracture will be fixed with a 
pediatric-sized lag-screw side-plate device. 

The hip is approached from laterally. An incision is made 
from just proximal to the greater trochanter, extending 
about 4 to 5 inches distally (TECH FIG 3A). The fascia lata 
is split in line with its fibers (TECH FIG 3B). 

The vastus fascia is cut with a “hockey stick” incision, 
starting anteriorly just distal to the apophysis of the 
greater trochanter (TECH FIG 3C). The incision is curved 
posteriorly and then extends distally in the posterior 
third of the vastus fascia. The muscle is elevated anteri- 
orly, exposing the lateral femoral cortex. 

The fracture is reduced by direct manipulation. 


Fracture Fixation 


A guidewire is then drilled up the center of the femoral 
neck (TECH FIG 4A). The angle the guidewire makes 





with the femoral shaft is dictated by the fixation device 

to be used. Generally a fixed-angle plate—lag screw com- 

bination will be used. 

= The guidewire should be confirmed to be centered in 
the neck on anteroposterior (AP) and lateral C-arm 
views. The guidewire need not cross the capital 
femoral physis. 

The proper length of lag screw is measured (TECH 

FIG 4B). 

The channel for the lag screw is reamed (TECH FIG 4C) 

and tapped (TECH FIG 4D). The lag screw is inserted 

(TECH FIG 4E). 

A side plate is selected; usually three or four holes is suf- 

ficient. It is passed over the lag screw (TECH FIG 4F). 

The plate is secured to the femur with appropriate 

screws and fixed with a compression screw to the lag 

screw (TECH FIG 4G). 

Reduction and fixation are checked by fluoroscopy. 

Closure is routine. 





TECH FIG 3 e Open reduction of extra- 
articular hip fracture. A. Lateral inci- 
sion on the thigh. B. The fascia lata is 
split longitudinally. C. The fascia of 
vastus lateralis is “hockey sticked” and 
vastus muscle is retracted anteriorly, 
exposing the lateral femoral cortex. 
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TECH FIG 4 e Internal fixation of extra-articular hip fracture. A. After fracture reduction, a guidewire is in- 
serted from the lateral femoral cortex up the femoral neck. The angle the wire makes with the lateral cortex 
should match the angle of the fixation device (usually 135 degrees). B. The length of the intended lag screw 
is measured from the protruding guidewire. The lag screw should stop short of the physis. C. Reaming is ac- 
complished over the guidewire to accommodate the lag screw and the barrel of the side plate. D. The chan- 
nel is tapped because the child’s bone is usually quite hard. E. The lag screw is inserted. F. The side plate is 
placed. G. The plate is secured to the femur with cortical screws and the compression screw locks the lag screw 
in the side plate. 





PEARLS AND PITFALLS 
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Blood supply to the capital 
femoral epiphysis 


= Retinacular vessels may be torn or stretched after femoral neck fracture. 
= Urgent reduction is important. 


=™ The surgeon should consider decompressing the hemarthrosis to lessen the effect of tamponade 


of the vessels. 


=" Parents are warned in advance of the possibility and implications of avascular necrosis. 


Fracture healing 


® Intra-articular neck fractures tend to heal poorly because there is no periosteal new bone formation. 


= Perfect reduction and bony apposition provide the best opportunity for fracture healing. 
= Persistent varus after fixation is a harbinger of future problems. 


POSTOPERATIVE CARE 


=" Hip fractures fixed with pins, fractures in small children, 
and fractures in patients who cannot refrain from weight bear- 
ing should be immobilized for 4 to 6 weeks in a spica cast. 

=" Controlled children can be maintained non-weight bearing 
with crutches. 

=" Pins should be removed after fracture healing. Screws and 
hardware should be removed before they are covered by new 
bone growth. 


OUTCOMES 


= Satisfactory healing is to be expected in most cases. 

= Stiffness after cast removal usually resolves without 
treatment. 

= Avascular necrosis may have a benign course similar to that 
of Perthes disease or may result in relentless disintegration of 
the femoral head, for which there is no satisfactory treatment 


in a child. 


COMPLICATIONS 


Avascular necrosis 
Varus malunion 
Nonunion 

Leg-length discrepancy 
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Closed Reduction and Spica 
Casting of Femur Fractures 


Matthew R. Garner and John M. Flynn 


DEFINITION 


=" Femoral shaft fractures in children occur with an incidence 
of 20 per 100,000.7:°:!° They constitute 2% of all pediatric 
fractures. °” 

= In the very young child who presents with a femoral shaft 
fracture, child abuse must be considered, especially if the child 
is not yet walking. 

= In the child who has a history of multiple fractures, osteoge- 
nesis imperfecta might be the underlying cause and is often 
mistaken for child abuse in the young child. 

=" In children who sustain multiple traumatic injuries, the na- 
ture and severity of each injury must be considered to optimize 
treatment. 


ANATOMY 


=" The limb bud develops at about 4 weeks age of gestation, 
the femoral shaft serving as the primary ossification center. 
The proximal ossification center is seen by 6 months and the 
distal femoral ossification center appears at 7 months. 

= The femur is initially composed of weaker woven bone, which 
is gradually replaced with lamellar bone during childhood. 

= Both the endosteal circulation and the periosteal circulation 
supply the femur. The profunda femoris artery gives rise to 
four perforating arteries, which enter the femur posteromedi- 
ally. The majority of the blood is supplied by the endosteal cir- 
culation. During fracture healing, however, the majority of the 
blood is supplied by the periosteal circulation. 

=" The femoral shaft flares distally, forming the supracondylar 
area of the femur. 


PATHOGENESIS 


=" Age is an important factor to consider in terms of the 
pathogenesis of the injury. The degree of trauma required to 
cause injury increases exponentially as the character of the 
bone changes and gradually becomes stronger and larger from 
infancy to adolescence. Low-energy injuries resulting in frac- 
tures may point to a pathologic nature of the condition, ex- 
cept in toddlers, in whom low-energy femur fractures are 
common. 

=" The radiographic appearance of the fracture usually 
reflects the mechanism of injury and the force applied. High- 
velocity injuries usually present with more complex, com- 
minuted patterns. 

= The position of the fracture fragments after the injury de- 
pends on the level of the fracture and reflects the soft tissue 
and muscle forces acting on the femur. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= In most cases, there is a history of a traumatic event. 
=" The clinician inspects the lower extremity and looks for 
open wounds, bruising, or obvious deformity. 
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" In the setting of an isolated femur fracture, the thigh ap- 
pears swollen with minor bruises and abrasions. Shortening 
may also be present. 
=" Open wounds may change the management of this injury; 
obvious deformity helps in the initial diagnosis. 
=" The clinician palpates the length of the lower extremity, 
feeling for bony deformity and checking compartments care- 
fully for tension. Tense compartments may indicate current or 
developing compartment syndrome. 
=" The affected extremity should be checked to ensure that 
there is no vascular or neurologic injury. 
" The clinicians should check carefully for femoral, popliteal, 
dorsalis pedis, and posterior tibial pulses. Diminished pulses 
may indicate vascular compromise or compartment syn- 
drome. If diminished, they should be rechecked with 
Doppler. 
" Sensation to light touch is tested along the length of the 
entire lower extremity. Decreased sensation in the lower ex- 
tremity may indicate nerve damage. 
=" Motor examination may be difficult because of injury. Ankle 
dorsiflexion and plantarflexion are tested. Diminished strength 
may indicate nerve damage or compartment syndrome or may 
also be secondary to pain. 
=" Examining reflexes may also be difficult. The clinician 
strikes the patellar and Achilles tendons with a reflex hammer 
and looks for contraction of the quadriceps and gastrocne- 
mius, respectively. Diminished knee or ankle reflexes may in- 
dicate femoral or sciatic nerve injury or may also be secondary 
to guarding. 
= In cases of high-energy trauma, concomitant injuries to the 
skin and soft tissue as well as other organ systems are usually 
present. 
= The knee is examined to ensure that no ligamentous in- 
jury is present. This examination may be performed under 
anesthesia. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Standard high-quality anteroposterior (AP) and lateral radi- 
ographs of the femur are usually all that is needed to define the 
extent and severity of the injury (FIG 1). 

" Radiographs should include the joints above and below 

the fracture site to avoid missing any concomitant injuries. 
=" Rarely, a CT scan may be helpful in assessing more complex 
injury patterns. It also helps in revealing subtle injuries that 
may not be apparent on radiographs, such as stress fractures, 
and aids in characterizing intra-articular injuries. 


DIFFERENTIAL DIAGNOSIS 


Soft tissue trauma 
Stress fracture 
Tumor 


B 
B 
|_| 
=" Metabolic conditions 
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= Immediate spica casting in the emergency department with- 
out the use of general anesthesia has been shown to be effective, 
provided there are no other indications for hospital admission.* 


SURGICAL MANAGEMENT 


= In children younger than 6 years, closed reduction and cast- 
ing is successful for most femoral shaft fractures. 

=" For older children and adolescents, 3 weeks of skeletal 
traction followed by spica casting was once common but 
has been replaced by internal or external fixation in most 
cases. 


Preoperative Planning 


= A detailed review of the clinical findings and all appropriate 
imaging studies is performed before the procedure. 

= Shortening should be determined to be less than 2 cm using 
a lateral radiograph, although some suggest spica casting can 
be accomplished regardless of shortening.° 

FIG 1 © AP and lateral radiographs of an oblique diaphyseal = If the mechanism of injury is considered low energy, a single- 
femur fracture in a child 4 years and 2 months of age. leg “walking spica” can be considered, as it has been shown to 
be as effective as traditional spica casting and may also de- 
crease the burden of care on the family.* 

= The presence of concomitant injuries should be considered 
as well as factors that may hinder or complicate treatment. 





NONOPERATIVE MANAGEMENT 


=" Management of femoral shaft fractures depends on the age 


of the patient. Positioning 

= In infants, stable femoral shaft fractures can be treated in a =" The child is taken to the operating room or sedation unit 
Pavlik harness or a splint. and placed in the supine position on the table. 

= In children younger than 6 years, closed reduction and cast- = The injured extremity is casted first, and then the patient is 
ing is used in the vast majority of cases. transferred to a spica table. 





TRADITIONAL SPICA CASTING 


= A long-leg cast is placed with the knee and ankle flexed 
at 90 degrees (TECH FIG 1A). Because of recent reports 
of compartment syndrome of the leg after spica casting 
for pediatric femur fractures,2:? many centers (ours in- 
cluded) have been using less hip and knee flexion and 
not including the foot for the cast of the injured leg. 

= Extra padding in the popliteal fossa is applied. To avoid 
vascular compromise, care must be taken not to flex the A 
knee once the padding is in place. 

= Avvalgus mold at the fracture site is used to prevent varus 
deformity (TECH FIG 1B). 

= The patient is transferred to a spica table, where the 
weight of the legs is supported with manual traction. 

= The hip is placed at 90 degrees of flexion and 30 degrees 
of abduction. Fifteen degrees of external rotation at the 
hip is used to allow alignment of the proximal and distal 
fragments (TECH FIG 1C,D). 

= The remainder of the spica cast is placed while holding 
the fracture out to length. 

= Care should be taken to avoid excessive traction, which 
increases the risk of compartment syndrome and skin 








sloughing. e 
=m New AP and lateral radiographs are taken to ensure ac- 
ceptable anatomic alignment. TECH FIG 1 « A. Cylinder cast with 90 degrees of knee flexion 


=" Gore-Tex liners are used at some institutions to prevent for traditional spica casting. B. Valgus molding technique to 
diaper rash and superficial infections. prevent varus deformity in early postcasting period. (continued) 
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TECH FIG 1 ¢ (continued) C,D. Traditional spica casting with 90 degrees of hip flexion, 30 degrees of 


abduction, and 15 degrees of external rotation. 


WALKING SPICA CASTING 


A walking spica is becoming a popular choice for low- 
energy femur fractures. 

The cylinder cast should be applied with about 50 de- 
grees of knee flexion. 

The foot remains uncovered with the cast stopping in 
the supramalleolar area, which is protected with extra 
padding. 

Before the remainder of the cast is applied, the hip is 
flexed to 45 degrees and remains abducted to 30 degrees 
with 15 degrees of external rotation (TECH FIG 2A,B). 
The pelvic band is applied with multiple layers of stock- 
inette folded on the abdomen to prevent abdominal 
compression from the casting. These folded layers of 
stockinette are removed after the pelvic band is placed 
(TECH FIG 2C). 


It is important to reinforce the cast on the injured side 
anteriorly at the hip. Seven or eight layers of folded 
fiberglass are placed in the inter-hip crease to decrease 
the risk of the cast breaking, while a wide pelvic band is 
needed to immobilize the hip as well as possible. 












TECH FIG 2 « A. Cylinder cast with 50 degrees of knee flexion and 45 degrees of hip flexion for 
walking spica cast. B. Walking spica casting position with 30 degrees of abduction and 15 degrees 
of external rotation. C. Wide pelvic band and anterior reinforcement for additional support in a 


final walking spica cast. 


PEARLS AND PITFALLS 





Indications 


Contraindications 


Walking spica 


= Spica casting is best used for children 1 to 6 years old with isolated femoral shaft fractures. 


= Massive swelling of the thigh 


= Shortening of more than 2 cm (controversial) 


= Associated injury that precludes cast treatment 


= Effective for low-energy isolated femur fractures 


= Toddlers typically pull-to-stand and begin walking in 2 to 3 weeks. 
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Reasons for cast change 
or intervention 


Other complications 


=™ Excessive angulation (more than 15 degrees) 
= Shortening (more than 2 cm) 
= Excessive soiling of the cast 


=" Need for valgus wedge adjustment (angulation less than 15 degrees) 


® Skin irritation, including diaper rash and superficial infections 
= Compartment syndrome—may be associated with use of short-leg cast to apply traction during 


application of 90/90 spica cast? 


POSTOPERATIVE CARE 


= A significant burden of care is placed on the family of a child 
with a spica cast, including cast care, travel difficulties, and 
loss of time at work. 

=" We counsel the family, immediately after reduction in cast- 
ing, that wedging of the cast may be necessary at about 10 to 
14 days after injury. 

=" We schedule the family to return 1 week and 2 weeks after 
injury; at that time true AP and lateral radiographs are ob- 
tained of the injured femur in the cast. If there is unsatisfactory 
alignment or either angulation or shortening, we will wedge 
the cast at the clinic and repeat radiographs. This frequently 
avoids unnecessary trips back to the operating room in the 
postoperative period for loss of reduction. 

= Prior to callus formation, if shortening of more than 2 cm 
occurs, one of three options may be required: cast change, 
traction, or external fixation. 

= Shortening of more than 2 cm once callus has formed may 
be treated with osteoclasis and lengthening techniques at a 
pace of 1 mm per day. 


= At union, acceptable angulation and shortening varies by 
age (Table 1). 


OUTCOMES 


= Typically the spica cast is worn for 4 to 8 weeks, depending 
on the extent of the injury. 

" Infant fractures heal in 3 to 4 weeks. 

= Toddler fractures heal in 6 weeks. 
=" On removal of the cast, children are encouraged to stand up 
and walk as soon as they are comfortable. 


Acceptable Angulation 
of the Femur 





Varus- Anterior- 

Age Valgus Posterior Shortening 
Birth to 30 degrees 30 degrees 15mm 

2 years 
2 to 5 years 15 degrees 20 degrees 20 mm 
6 to 10 years 10 degrees 15 degrees 15 mm 
11 years to 5 degrees 10 degrees 10 mm 

maturity 


Rockwood CA, Wilkins KE, Beaty JH, et al., eds. Rockwood and Wilkins’ fractures in children, ed 5. 
Philadelphia: Lippincott Williams & Wilkins, 2001. 


= Illgen and colleagues® found that standard spica casting was 
successful (without cast change or wedging) about 86% of the 
time. 

=" Immediate spica casting in the emergency department 
under conscious sedation and discharge has been shown to 
have similar rates of complication and re-reduction as 
“early” spica casting.” 

= Single-leg “walking spica” casts have been shown to be a 
safe and effective way to manage low-energy isolated femoral 
shaft fractures.* 


COMPLICATIONS 


Nonunion 

Delayed union 

Malunion (angular and rotational deformity) 
Leg-length discrepancy (shortening and overgrowth) 
Compartment syndrome 

Neurovascular injury 
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| Closed Reduction and External 
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_Fractures — 





DEFINITION 


=" Femoral shaft fractures occur in children with a bimodal age 
distribution peaking at ages 2 and 12. 

=" The peak in age distribution at age 2 is due to relative 
weakness of primarily woven bone at a time when ambulation 
increases the risk of fall-related trauma. 


ANATOMY 


=" Muscular deforming forces, if severe, increase the need for 
surgical fixation. In proximal and midshaft femoral shaft 
fractures, the proximal fragment tends to be forced into 
abduction and external rotation. This is more significant in 
proximal fractures than in midshaft fractures. 

= Fractures of the distal third of the femoral shaft tend not to 
deform greatly, while supracondylar femoral fractures are 
often forced into apex posterior angulation. 


PATHOGENESIS 


= In toddlers, these injuries tend to be low energy and occur 
during normal activity. In adolescents, they tend to be higher- 
energy injuries that may result from motor vehicle, biking, or 
high-speed sporting accidents. 

= Abuse should be considered in the infant or toddler with a 
femur fracture, especially if the child is nonambulatory. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" In an unconscious patient or a patient with an insensate 
lower extremity, deformity, erythema, crepitance, and swelling 
might indicate the presence of a femoral fracture. 

=" If child abuse is suspected, a skeletal survey should be 
obtained and Child Protective Services should be notified. 
Infants are more likely than toddlers to be the victims of child 
abuse in the setting of a femoral fracture. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Anteroposterior (AP) and lateral radiographs of pelvis and 
femur are obtained. The hip and knee should be visualized on 
the femur radiograph or separately to evaluate possible associ- 
ated injuries (FIG 1). 

=" Radiographs should be evaluated for fracture pattern, 
location, displacement, angulation, and shortening. 


DIFFERENTIAL DIAGNOSIS 


=" In a child with an insensate extremity, the swelling and ery- 
thema caused by a femur fracture may resemble an infection. 
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NONOPERATIVE MANAGEMENT 


=" Nonoperative management (casting) is appropriate for an 
isolated femur fracture in a child younger than 6 years. Most 
children older than 6 years are now treated with some form of 
operative fracture stabilization. 

=" Nonoperative options include Pavlik harness or splints for 
children younger than 6 months and a spica cast for those 
older than 6 months, 


SURGICAL MANAGEMENT 


=" Operative management of femoral shaft fractures should be 
considered in any femur fracture in a child older than 6 years. 
In younger children, polytrauma, head injury, high-energy 
trauma, an open fracture, severe comminution, or body habi- 
tus incompatible with spica cast care are relative indications 
for operative management. 

= Surgical options include flexible nailing, plating, rigid in- 
tramedullary nailing, and external fixation. 

=" Indications for external fixation include polytrauma, con- 
comitant head injury, open fracture with severe soft tissue 
damage or contamination, severe comminution, and very 
proximal subtrochanteric or distal diaphyseal—-metaphyseal 
junction fracture. 

=" Midshaft transverse fractures are at a higher risk of refrac- 
ture when treated with external fixation compared to other 
methods of stabilization. 





FIG 1 © Preoperative radiograph of a 12-year-old boy who sus- 
tained a distal femoral shaft fracture. 
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Preoperative Planning 


The surgeon should determine where pins will be placed 


before surgery. 


" In each fragment there must be at least 2 cm of interven- 
ing bone between the physis and the outermost pin and at 
least 2 cm between the fracture and the innermost pin. 

The appropriate pin size varies according to the device. The 


EBI DFS XS FIXATOR TECHNIQUE 


Pin and Screw Placement 





The first pin inserted should be one into the shorter or 
more difficult bone fragment. 

After making a stab incision over the first pin site, the 
surgeon dissects bluntly to the near cortex. 

The trocar is inserted into the soft tissue guide and 
seated onto the femur perpendicular to its long axis. The 
trocar is removed and the soft tissue guide is impacted 
gently to prevent slippage. 

The appropriate drill guide (based on the chosen screw 
size) is inserted into the soft tissue guide. 

After attaching a drill stop onto the appropriate bit, the 
surgeon drills through the near cortex, using the drill 
guide to keep the pilot hole perpendicular to the long 
axis of the bone. Drilling should stop once the near cor- 
tex is penetrated. 

The surgeon slides the bit up to the far cortex without 
drilling. The drill stop is adjusted so that the drill can be 
advanced no more than 5 mm (TECH FIG 1A). The sur- 
geon then drills through the far cortex. 

The drill bit and the drill guide are removed without un- 
seating the soft tissue guide. 

The appropriate screw is inserted into the pilot hole, and 
the screw is advanced using the T-wrench until it pro- 
trudes 2 mm beyond the far cortex. The screw cannot be 
backed out of bone without losing grip because of its 
conical shape. 


TECH FIG 1 A. Repositioning of drill stop about 5 mm from the base of the drill guide. B. Insertion of a second bone screw 


into the same bone screw cluster using the identical techn 


screw into the opposite bone screw cluster using the identical technique as previously described. (Courtesy of Biomet 


Trauma, Copyright 2009. All rights reserved.) 





AO/Synthes device guide recommends 4.0-mm Schanz screws 
be used, while the EBI device guide recommends screws not 
larger than one third of the bone diameter. 


Positioning 
= The patient should be placed on either a radiolucent operat- 


ing table or a fracture table. The latter is useful if preoperative 
reduction is desired. 


= Any tented skin is released. 

= — The surgeon slides the telescoping arm of the assembled 
fixator onto the screw in the appropriate position. The 
clamp bolt is not tightened. 

= The soft tissue guide is inserted into another clamp posi- 
tion on the same telescoping arm. Again, the clamp bolt 
should be loose enough to allow translation of the soft 
tissue cover through the arm. 

= Once the soft tissue guide has been seated on the near 
cortex, the clamp bolt is tightened to prevent loss of 
alignment. Repeating the above steps, a second screw is 
inserted in the position now occupied by the soft tissue 
guide (TECH FIG 1B). 

= Once both screws have been placed in the first fragment, 
the above steps are repeated on the second fragment 
(TECH FIG 1C). 

= The telescoping arm clamp bolts are tightened before 
final reduction. 


Final Reduction 


= The final reduction is made with a variety of adjustments. 

= Length can be adjusted on each telescoping arm by ei- 
ther loosening the telescoping set screw and adjusting 
length manually or by loosening the compression— 
distraction screw and using this feature to adjust length 
(TECH FIG 2A). 

m The locking connector bolts can be loosened for the cor- 
rection of angular deformity (TECH FIG 2B). 
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ique as previously described. C. Insertion of a second bone 
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Each telescoping arm can also be rotated using the 
rotational set screw on the central body of the fixator 
(TECH FIG 2C). These can be loosened simultaneously 
to rotate the central body of the fixator to bring 
the central locking joints into the plane of correction 
(TECH FIG 2D). 

Each telescoping arm is able to extend up to 2 cm. If 
more length is needed, a 4-cm arm may be used. This is 
especially useful when one arm is occupied by the T- 
clamp, which has no telescoping feature. 


Alternative T-Clamp Technique 


TECH FIG 2 e A. Manual length adjustment. B. Each of the locking joints will 
provide angular adjustments in a plane relative to fixator position as applied to 
the bone. C. Rotation about the axis of the fixator may be achieved by releasing 
the rotational set screw on either end of the central body component. 
D. Translational adjustments are performed by releasing two locking joints in the 
same plane as the desired correction. (Courtesy of Biomet Trauma, Copyright 
2009. All rights reserved.) 


If desired, the T-clamp can be used when the fracture 
pattern precludes placement of screws longitudinally in 
one of the bone fragments. 

The T-clamp is applied before the telescoping arm using 
the screw insertion technique described. 

After the T-clamp is in place, the screws for the telescop- 
ing arm are placed in the other fragment as in the stan- 
dard configuration described above. 





AO/SYNTHES TECHNIQUE USING PEDIATRIC FEMORAL SHAFT FRAME WITH 
COMBINATION CLAMPS 


Construct Application 


Note: All Schanz screws must be coplanar if double stack- 

ing (for increased rigidity) or dynamization is desired. 

The most proximal screw and the most distal screw are 

inserted before inserting the inner pins. Screws should 

be placed with at least 2 cm of bone between the screw 

and the physis. 

The screw is inserted in the following manner. 

= A stab incision is made. 

= The trocar with protective sleeve is seated onto the 
femur by passing it through the incision. 

= The trocar is removed, the screw is inserted into the 
protective sleeve, and the surgeon drills until the 
screw is embedded in the far cortex. 

=" If preferred, a power drill is used until the near cortex 
is penetrated; then the surgeon can drill into the far 
cortex by hand. 

After inserting the outermost (most distal and most 

proximal) Schanz screws, the surgeon attaches a medium 

combination clamp to each screw. 


The carbon rod is attached to each clamp. The construct 

should now consist of two screws, two clamps, and one 

carbon rod. 

The fracture is reduced and the clamp bolts are 

tightened. 

Two additional clamps are attached to the carbon rod. 

These will attach the inner screws to the carbon rod. 

The two inner screws are inserted in the same fashion as 

the outer screws. There should be at least 2 cm of bone 

between the screw and the fracture. These screws are 

attached to the inner combination clamps and the bolts 

are tightened. 

=" The construct now consists of four screws, four 
clamps, and one carbon rod (TECH FIG 3A). 

A second carbon rod may be added if additional stiffness 

is desired and all screws are coplanar. The rod is secured 

to each screw with a combination clamp. 

= If this step is completed, the construct will consist 
of four screws, eight clamps, and two rods (TECH 
FIG 3B). 
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TECH FIG 3 e A. Completed construct with four combination 
clamps, four Schanz screws, and one carbon rod. B. A second 
rod is added to the frame to increase stiffness. The rod is 
attached to each Schanz screw using a Medium Combination 
Clamp. (© Synthes, Inc., or its affiliates. All rights reserved.) 





Dynamization 


Lf ~-., _ 


Dynamization can be accomplished only in a double- 
stacked construct. To dynamize the fixator, the outer 
bolts on the proximal pins and the inner bolts on the 
distal pins will be adjusted as follows. The bolt is 
loosened, a dynamization clip is inserted between the 
rod vise plates, and the bolt is retightened. This proce- 
dure is repeated for all four appropriate bolts 
(TECH FIG 4A). 

The dynamization clips can be used in the postoperative 
setting to increase axial loading across the fracture site 
or intraoperatively for compression or distraction of the 
fracture. 

Intraoperative distraction or compression is achieved 
by dynamizing the fixator, attaching the distractor 
device adjacent to a dynamized clamp (TECH FIG 4B), 
turning the distractor adjustment ring to either distract 
or compress, removing the dynamization clips after 
dynamization or compression, and retightening the 
clamps. 





TECH FIG 4 e A. Dynamization technique. Insertion of dynamization clips between rod vise plates. 
B. Distraction-compression technique. Placement of the distractor. (Copyright Synthes, Inc., or its 


affiliates. All rights reserved.) 


AO/SYNTHES TECHNIQUE USING PEDIATRIC FEMORAL SHAFT FRAME WITH 
MULTIPIN CLAMPS 


Assembly of this fixator requires screw insertion of one 
bone fragment to be completed before inserting screws 
in the other fragment. Therefore, Schanz screws will not 
be inserted in the outside-to-inside fashion used for the 
combination clamps. 

The first Schanz screw should be an outer screw, inserted 
with at least 2 cm of bone between the screw and the 
physis. A multipin clamp is attached to this first screw 
and the screw is drilled into the femur. The clamp may be 


held parallel to the femoral shaft to ensure that the 
screw enters the femur perpendicularly. 

The second Schanz screw is inserted through the 
opposite end of the clamp, with at least 2 cm of bone 
between the screw and the fracture site. This screw 
and all subsequent screws should be inserted as de- 
scribed above, with a stab incision, protective sleeve 
seating, and screw guidance with the sleeve (TECH 
FIG 5A). 
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TECH FIG 5 © A. Insertion of Schanz screws through multipin clamp. The screws must be per- 
pendicular to the bone while the clamp its parallel to it. B. Completed construct with two 
multipin clamps with two Schanz screws each and one carbon rod. C. Completed construct 
with double-rod frame. (Copyright Synthes, Inc., or its affiliates. All rights reserved.) 


Up to two additional Schanz screws may be inserted 
through the multipin clamp if necessary. This completes 
assembly of the hemifixator. 

These steps are repeated for the other bone fragment. 
The multipin clamp vise plate bolts are tightened on 
each hemifixator. 


The carbon rod is attached to each multipin clamp. 

The fracture is reduced and the rod clamping bolt and 
rod attachment bolt are tightened (TECH FIG 5B). 

A second rod may be added to the construct to increase 
the stiffness of the fixator. This is accomplished with two 
rod attachment devices (TECH FIG 5C). 


AO/SYNTHES TECHNIQUE USING MODULAR FRAME 


Modular frame constructs may be created if the fracture 
pattern precludes coplanar insertion of Schanz screws. 
This is accomplished by sequential assembly of modules 
that are then connected by a spanning carbon rod. 
The first screw, which should be an outer screw, is in- 
serted with at least 2 cm of bone between the screw and 
the physis. 

The second screw, an inner screw, is inserted into the 
same fragment. There should be at least 2 cm of inter- 
vening bone between the screw and the fracture. 
This screw need not be coplanar with the first screw. This 
screw and subsequent screws should be inserted as de- 
scribed above, with a stab incision, protective sleeve 
seating, and screw guidance with the sleeve. 
Combination clamps are attached to each screw and the 
bolts are tightened. 

A carbon rod is connected to each combination clamp. 
This completes the assembly of the first module. 

The second module is built in the same fashion as the 
first: the outer screw is inserted, then the inner screw; 
combination clamps are attached to the screws; and then 
the clamps are connected with a carbon rod. Each mod- 
ule should consist of two Schanz screws, two combina- 
tion clamps, and a carbon rod. 

Once each module has been constructed, a combination 
clamp is attached to each carbon rod. The placement of 


these clamps should be as follows: 

= The first clamp is placed on the proximal module dis- 
tal to the most distal screw and the second clamp is 
placed proximal to the most proximal screw. 

= These combination clamps are connected to a third 
carbon rod. 

= If the spanning clamps are placed correctly, the fixa- 
tor will have a Z conformation (TECH FIG GA). If not, 
the fixator will have an | formation. 

The fracture is reduced before tightening the spanning 

rod clamps. 

The spanning rod combination clamps are tightened 

once adequate reduction is obtained. 

To increase the stiffness of the fixator and add rota- 

tional stability, a second spanning rod is added. The 

placement of the second set of spanning clamps should 

be as follows: 

=" The first clamp is placed on the proximal module 
proximal to the most proximal screw and the second 
clamp is placed on the distal rod distal to the most 
distal screw. 

= These combination clamps are connected to a fourth 
carbon rod. 

= If this second set of spanning clamps have been placed 
correctly, the modular rods and the spanning rods will 
have an hourglass configuration (TECH FIG 6B). 
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TECH FIG 6 « A. Basic modular frame with connected 
modules. B. Fourth bar is added to frame configura- 
tion to increase stiffness and rotational stability. The 
fourth bar should span the length of the frame, 
connecting the first and second modules. (Copyright 
Synthes, Inc., or its affiliates. All rights reserved.) 





PEARLS AND PITFALLS 





Evaluation =# Although many pediatric femur fractures are isolated injuries, high-energy fractures are often associated with 


head, chest, or abdominal trauma. 


= The injured extremity must be thoroughly evaluated for associated trauma. 
= Femoral shortening across the fracture site is best visualized with a lateral femur radiograph before traction is 


applied. 


™ Corner fractures and bucket-handle fractures are more specific than spiral fractures for nonaccidental injury. 


Fixation = Remodeling potential declines significantly after age 10. 
® Angulation across the fracture site is better tolerated proximally than distally and better in the sagittal plane 


than in the coronal plane. 


Medicolegal = Closed treatment of femoral fractures is a common source of malpractice litigation in the field of pediatric 


orthopaedics. 


POSTOPERATIVE CARE 


= Pin care is essential in avoiding pin-track infection. This skill 
must be taught in the postoperative setting and reviewed at 
each office visit. 

= Antibiotics with adequate coverage of skin flora should be 
prescribed at the first sign of pin-track infection. 

=" Some advocate removal of the external fixator as soon as 
bridging callus is seen, with subsequent casting if necessary. 
Others believe the fixator should be left in place until three of 
four cortices are bridged by callus. 

= A typical radiographic evolution of this injury when treated 
with external fixation is shown in FIGURE 2. 


OUTCOMES 


= In one series of 37 femur fractures treated with external fix- 
ation, the average duration of fixation was 3 to 4 months 
(range 2 to 5 months). In all but one case, union was achieved 
at the time of fixator removal.* 


=" Risk of refracture may be as high as 20% after fixator 
removal,*** 

= Pin-track infections occur in about 65% of cases. These can 
almost always be managed successfully with oral antibiotics; 
fixator removal is rarely required. 

=" While clinically insignificant malunion is often seen, mal- 
union requiring surgical correction is rare. 


COMPLICATIONS 


Pin-track infection 
Deep infection 

Knee stiffness 
Unsightly thigh scars 
Delayed union 
Refracture 

Malunion 

Leg-length discrepancy 
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FIG 2 © Postoperative radiographs from the 
patient in Figure 1 on postoperative day 1 
(A), before external fixator removal on post- 
operative day 63 (B), and at last follow-up on 





A postoperative day 217 (C). 
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Nailing of Femoral Shaft 


Fractures 
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DEFINITION 


=" Femoral shaft fractures in children occur with an incidence 
of 20 per 100,000.7*:!* They constitute 2% of all pediatric 
fractures.'*” 

=" In the very young child who presents with a femoral shaft 
fracture, child abuse must be considered, especially if the child 
is not yet walking. In the child who has a history of multiple 
fractures, osteogenesis imperfecta might be the underlying 
cause and is often mistaken for child abuse in the young child. 
=" In children who sustain multiple traumatic injuries, the na- 
ture and severity of each injury must be considered to optimize 
treatment. 


ANATOMY 


= The limb bud develops at about 4 weeks of gestation, with 
the femoral shaft serving as the primary ossification center. 
The proximal ossification center is seen by 6 months and the 
distal femoral ossification center appears at 7 months. 

= The femur is initially composed of weaker woven bone, 
which is gradually replaced with lamellar bone during child- 
hood. 

=" Both the endosteal circulation and the periosteal circulation 
supply the femur. The profunda femoris artery gives rise to 
four perforating arteries, which enter the femur posteromedi- 
ally. The majority of the blood is supplied by the endosteal cir- 
culation. During fracture healing, however, the majority of the 
blood is supplied by the periosteal circulation. 

=" The femoral shaft flares distally, forming the supracondylar 
area of the femur. This area serves as the entry point for retro- 
grade nailing with flexible intramedullary nails. 


PATHOGENESIS 


= Age is an important factor to consider in terms of the patho- 
genesis of the injury. The degree of trauma required to cause 
injury increases exponentially as the character of the bone 
changes and gradually becomes stronger and larger from in- 
fancy to adolescence. Low-energy injuries resulting in fractures 
may point to a pathologic nature of the condition. 

= The radiographic appearance of the fracture usually reflects 
the mechanism of injury and the force applied. High-velocity 
injuries usually present with more complex, comminuted 
patterns. 

= The position of the fracture fragments after the injury de- 
pends on the level of the fracture and reflects the soft tissue 
and muscle forces acting on the femur. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= In most cases, there is a history of a traumatic event. 
= In an isolated femur fracture, the thigh appears swollen, with 
minor bruises and abrasions. Shortening may also be present. 


= The affected extremity should be checked to ensure that no 
vascular or neurologic injury is present. 

=" In cases of high-energy trauma, concomitant injuries to the 
skin and soft tissue as well as other organ systems are usually 
present. 

=" An examination of the knee is likewise performed to ensure 
that no ligamentous injury is present. This may be performed 
under anesthesia. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Standard high-quality anteroposterior (AP) and lateral radi- 
ographs of the femur are usually all that is needed to define the 
extent and severity of the injury (FIG 1). 

" Radiographs should include the joints above and below 

the fracture site to avoid missing any concomitant injuries. 
=" Rarely, a CT scan may be helpful in assessing more complex 
injury patterns. It also helps in revealing subtle injuries that 
may not be apparent on radiographs, such as stress fractures, 
and aids in characterizing intra-articular injuries. 


DIFFERENTIAL DIAGNOSIS 


Soft tissue trauma 
Stress fracture 
Tumor 


a 
| 
| 
=" Metabolic conditions 





FIG 1 © Preoperative radiographs of a 7-year-old boy who sus- 
tained a spiral diaphyseal femoral shaft fracture while playing 
football. This injury was treated with titanium elastic nails. 
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NONOPERATIVE MANAGEMENT 


= Management of femoral shaft fractures depends on the age 
of the patient. 
=" In infants, femoral shaft fractures can be treated with a 
Pavlik harness or a splint. 
= In children less than 6 years of age, nonoperative manage- 
ment is the treatment of choice. Nonoperative management 
usually consists of: 
" Closed reduction under sedation or anesthesia as needed 
" Placement of a hip spica cast to maintain reduction for 6 
to 8 weeks 
=" Correcting rotational and angular alignment is of the utmost 
importance in treatment. Shortening of up to 2 cm is acceptable. 


SURGICAL MANAGEMENT 


=" In older children and adolescents, nonoperative manage- 
ment is not well tolerated. 
= General recommendations for titanium elastic nails are: 
=" Children at least 5 years old (ideal for children 6 to 12 
years of age) 
" Fractures of the middle 70% of the diaphysis 
" Length-stable fracture patterns. Some difficulty may be 
encountered in more complex and comminuted fracture 
patterns. 


Preoperative Planning 


= A detailed review of the clinical findings and all appropriate 
imaging studies is done before the procedure. 

=" The diameter of the nail is predetermined by measuring the 
isthmus of the femoral shaft. The nail to be used is usually 
40% of the narrowest diameter. For instance, if the isthmus 
measures 1 cm, a 4-mm nail is used. 

= The presence of concomitant injuries should be considered, 
as well as factors that may hinder or complicate treatment. 


Positioning 

= The patient is positioned in the supine position. We prefer 

using a fracture table (FIG 2), 

= The groin area is adequately padded before application of 

the post. 

=" The affected extremity is abducted 15 to 30 degrees to allow 

room for nail placement. The uninjured leg can be held by the 

ankle (the well-foot holder) and “scissored” with extension of 

the hip so that it does not block the lateral radiographic view. 
= We generally avoid the well-leg holder that places the well 
leg with the hip and knee flexed high above the rest of the 
patient. Compartment syndrome has been associated with 
this positioning for femoral shaft fracture treatment. 

=" A distraction force is applied to the affected extremity 

through the foot using a foot holder. If there is significant soft 

tissue injury to the leg, the distraction force may be applied 

through a guide pin. However, a guide pin is rarely necessary 

in children. 

= The extremity is then prepared and draped. 





FIG 2 « The patient is properly positioned in the fracture table, 
the landmarks are identified fluoroscopically, and the proper 
incision sites are marked. 





RETROGRADE FLEXIBLE INTRAMEDULLARY NAILING 


Nail Introduction and Fracture 
Reduction 


= Once the patient is properly positioned in the fracture 


table, the best possible reduction of the fracture is 
obtained. 

The patient is draped in the standard manner. 

The nail entry site is identified using an image intensifier. 
The distal femoral physis is identified and this position is 
marked on the skin to avoid dissection in this area. 

A 2-cm incision is marked out both medially and laterally 
at the level of the distal femoral physis. 

The incision is made and carried through the fascia and 
quadriceps muscle, observing meticulous hemostasis. 

A drill is placed (with a soft tissue protector) through the 
incision site against the distal femoral metaphysis. The 
starting point is the midpoint of the femoral shaft in the 
AP plane (TECH FIG 1A). 

The size of the drill bit used is largely dependent on the 
size of the nail; the drill bit should be slightly larger 
than the nail (eg, a 4.5-mm drill bit is used when using 
a 4.0-mm nail). 


= — The drill is inserted, and once the femoral cortex has been 
breached, the drill is angled obliquely (TECH FIG 1B). 
= The nails are prebent into a gentle C shape before inser- 
tion (TECH FIG 1C). 
= The first nail is inserted into the entry site and gently 
tapped into the femur. The position of the nail is checked 
under fluoroscopy in both the AP and lateral views to 
ensure proper nail placement (TECH FIG 1D). 
= Once the tip of the nail has reached the fracture site, the 
fracture is reduced before further advancement of the 
nail. Reduction of the fragments is documented in both 
the AP and sagittal planes. 
= When reduction is obtained, the nail that is more diffi- 
cult to pass is introduced through the fracture site. 
= Once the first nail has crossed the fracture line, the same 
steps for insertion are followed for introduction of the 
second nail (TECH FIG 1E). 
= Alternatively, the second nail may be inserted imme- 
diately after the first nail to the level of the fracture 
site. Once proper reduction of the fracture is ob- 
tained, the nails are then advanced past the fracture 
site alternately as described in the technique above. 
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TECH FIG 1 © A. Once the incision has been made, the entry 
point for the nail is identified 2 cm superior to the growth 
plate at the midpoint of the femur anteroposteriorly. A 4.5- 
mm drill bit is used to make the starting point. B. Once the 
cortex has been entered the drill is angled obliquely to fash- 
ion a tract. C. The nail is prebent in a gentle C shape before 
insertion. D. The first nail is inserted until it reaches the frac- 
ture line. E. Once the first nail has reached the fracture line, 
the second nail is inserted in the same fashion. 


Final Nail Placement 


m= When reduction has been confirmed and both nails have 
sufficiently crossed the fracture line (TECH FIG 2A-C), 
both nails are advanced a few millimeters and their posi- 
tion is checked with the image intensifier in both the AP 
and lateral planes (TECH FIG 2D). 

= Once the position of both nails has been confirmed, they 
are gradually advanced to their final proximal point 
(TECH FIG 2E). 

= The lateral nail (nail entering through the lateral cortex 
of the femur) should end at the apophysis of the greater 
trochanter. The medial nail should come to rest at the 
medial end side of the calcar at the level of the hip 
(TECH FIG 2F,G). 








After the final position of the nails has been confirmed, 
the nails are backed out a few centimeters, cut to the 
proper length, and gently tapped back into their final 
position with the ends of the nail resting flush against 
the femur. Bending the end of the nails will cause undue 
irritation of the skin and soft tissue. 

The final fracture configuration is checked (TECH FIG 
2H,!). If there is a significant gap between the fracture 
fragments, the distraction is released and the surgeon 
gently impacts the fracture fragments together. 

A layered closure is performed. 

Rotational alignment of the extremity is evaluated and 
any malrotation is corrected before leaving the operating 
room. 





Cc D 


TECH FIG 2 « A. Once both nails have reached the fracture line, reduction of the fracture is checked. The F-tool can be used to 
aid in attaining and maintaining reduction. B. The reduction is checked fluoroscopically. C,D. Once the reduction is checked, the 
nails are passed across the fracture line and advanced until they reach their final endpoint. (continued) 
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TECH FIG 2 « (continued) E. The lateral nail 
should end at the apophysis of the greater 
trochanter, the medial nail at the calcar of the 
femoral neck. F. The distal ends of the nail 
should be flush with the femoral metaphysis. 
G. The final configuration of the nails should 
provide adequate three-point fixation. H,I. AP 
and lateral radiographs of the femur of the 
patient in Figure 1, showing adequate nail 
placement. 


PEARLS AND PITFALLS 











Indications 


= The flexible nailing technique is most successful for children ages 5 to 12, weighing less than 50 kg, with 


length-stable fractures. Very proximal, distal, or length-unstable fractures can be treated with flexible 
nailing, but the complication rate is higher and immobilization in a cast may be necessary as an adjunct 


to treatment. 
Preoperative planning 


= Proper selection and preparation of the nails are crucial. as well as proper patient selection. The nail 


sizes and the entry points should be symmetric. 


Fracture fixation 


= Proper nail configuration must be achieved to obtain three-point fixation. The nails should be gently 


curved before insertion to ensure maximum cortical contact. If insertion or nail passage may be difficult 
or the entry site is complicated by soft tissue injury, an anterograde method of insertion through the 
greater trochanter may be used for one or both nails. 


Difficulty in reduction 
Skin irritation 


= An instrument referred to as the “F tool” is a great aid to reduction. 
® To avoid skin irritation, the nails should be cut so that they lie flush with the metaphysis of the distal 


femur, with only about 1 to 2 cm of the nail outside the cortical entry site. 


POSTOPERATIVE CARE 


=" We prefer a knee immobilizer in the immediate postopera- 
tive period to reduce the incidence of soft tissue irritation of 
the knee and to increase the child’s comfort. 

=" Weight bearing is instituted immediately after surgery as 
tolerated. 

=" Postoperative analgesics are maintained for continued pain 
relief and to maximize the rehabilitation period. 


OUTCOMES 


=" Multiple studies have reported good to excellent outcomes 

in femoral shaft fractures treated with flexible intramedullary 
“Ig 347 

nails, 

= Flynn and coworkers,’ in a multicenter trial, reported excel- 

lent results in 67% (39) of cases and satisfactory results in 

31% (18); there was one poor result due to malrotation. 


=" Mehlman and associates’? showed in a biomechanical study 


that if an acceptable starting point is achieved, retrograde nail- 
ing is more stable for fractures of the distal third of the femoral 
diaphysis. 

= Flynn and associates® reviewed their first 50 cases and found 
that insertion site irritation was the most common problem en- 
countered (18% of cases). Very proximal fractures were more 
challenging to treat and older, larger children were best man- 
aged with additional periods of adjunctive immobilization. 

" Moroz and colleagues,'' in a review of 234 femur fractures 
in 229 children, found excellent results in 150 (65%), satis- 
factory in 57 (25%), and poor in 23 (10%). The poor out- 
comes were secondary to leg-length discrepancy in 5 cases, 
unacceptable angulation in 17, and failure of fixation in 1. 
They likewise reported a correlation with poor outcome in 
older children (older than 11 years) and in children who 
weighed more than 49 kg. 
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COMPLICATIONS 


Nonunion 

Delayed union 

Malunion (angular and rotational deformity) 
Leg-length discrepancy (shortening and overgrowth) 
Compartment syndrome 

Neurovascular injury 

Implant-related complications 
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Submuscular Plating of 
Femoral Shaft Fractures 
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either immediate spica casting or elastic intramedullary 
nails. 
=" Minimally invasive plating techniques avoid a large 
dissection and leave the soft tissues intact, allowing rapid 
“biologic healing.” This has led to more appeal for 
plating. 
= The technique of femoral shaft plating has evolved with a 
better understanding of plate mechanics.’ 
= The indications for this technique are unstable comminuted 
or oblique femur fractures in ages 6 to skeletal maturity. 


SURGICAL MANAGEMENT 


= Plate osteosynthesis of pediatric femur fractures allows 
stable fixation with good results.2?->:7+14 
" This traditionally requires a large exposure with soft 
tissue disruption. 
=" Submuscular bridge plating results in stable fixation while 
minimizing soft tissue dissection. 
"In unstable fractures, it reliably maintains length 
and alignment that may be difficult to maintain with 


PROVISIONAL REDUCTION 


= Patients are positioned on a fracture table, and a provi- 
sional reduction is obtained with boot traction. 
= The well leg is extended if the fracture table allows. 
Thus, the legs are scissored in an anteroposterior (AP) 
direction (TECH FIG 1). 
= The well leg can also be positioned on a well-leg 
holder. 
=" This allows the fluoroscopy to be aimed perpendicu- 
lar to the fractured leg to get a good lateral image 
for percutaneous screw placement. 
= A radiolucent table can also be used if there is enough 
assistance for traction. 
= The goal of the provisional reduction is to restore length 
and rotation. 





TECH FIG 1 « Patient positioning in boot traction with the 
legs scissored in the AP direction. 


IMPLANT SELECTION AND PREPARATION 


= The final reduction, particularly in the AP plane, can be =" Asageneral rule, the plate spans from the trochanteric 


done with the plate and screws. 
= A 4.5-mm narrow low-contact 


= Locking plates may be used in 


available room for screws is co 
= Given the percutaneous nature of 


= Plate length is determined by 


appropriate length. 
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dynamic compression 


plate (LC-DCP) is chosen for most patients. 


osteopenic patients or 


in proximal or distal fractures in which the amount of 


mpromised. 
screw placement, self- 


tapping screws are used to facilitate insertion. 
= The usual plate length is from 10 to 16 holes, depending 
on the fracture location and patient size. 


placing the plate over 


the anterior thigh and using imaging to confirm the 


apophysis to the distal femoral metaphysis. 

= If possible, length should allow six screw holes proxi- 
mal and distal to the fracture. 

= Some fracture locations may allow for only two or 
three holes. 

A table plate bender is used to contour the plate. 

= This usually involves a small bend to accommodate 
both the proximal femur and the distal metaphysis. 

= |t is important to contour the plate as close to 
anatomic as possible, as the femur will reduce to the 
contour of the plate with screw placement. 
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After the plate is contoured, it is again placed on the 

anterior thigh, and imaging is used to “shadow” the 

lateral aspect of the femur to confirm the contour 

(TECH FIG 2). 

= It is not necessary to contour the plate to fit the nor- 
mal anterior bow of the femur. 

= In our experience, there has been no misalignment 
secondary to a poorly contoured plate. 


INTERNAL FIXATION 


Plate Placement 


A small incision (about 4 to 7 cm) is made over the distal 
lateral femur and through the tensor fascia to expose 
the obliquely oriented distal fibers of the vastus lateralis. 
Blunt dissection is performed deep to the distal aspect of 
the vastus lateralis to enter the plane between the lat- 
eral femoral periosteum and vastus lateralis, which is 
easily defined. 

The plate is then tunneled proximally along the lateral 
femoral periosteum (TECH FIG 3A-C). 

= Slow advancement of the plate allows the surgeon to 

feel the plate contact against the lateral femur. 








TECH FIG 2 « The plate on the an- 
terior thigh shadowing the lateral 
femur with fluoroscopy to evalu- 
ate plate contour and length. B 





= Fluoroscopy may assist the surgeon in guiding the 
plate past the fracture (TECH FIG 3D). 
= Once the plate is fully advanced, AP and lateral views are 
obtained with fluoroscopy to confirm the plate position. 
= A Kirschner wire in then placed percutaneously in the 
most proximal and distal holes using fluoroscopy to se- 
cure the plate position (TECH FIG 3E,F). 
= Occasionally, adjustments need to be made to the 
plate position on the lateral view before Kirschner 
wire placement. 





TECH FIG 3 e A-C. The plate is tunneled proximally 
under the distal vastus lateralis. D. Fluoroscopic view 
of the plate being guided proximally. E,F. Kirschner 
wires secure the plate in position before screw 
placement. 
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Screw Placement 


The principles of external fixation are used to guide the 

surgeon in screw placement. 

= Three screws are placed proximal and three screws 
distal to the fracture (rarely there is room for only 
two screws). 

=" The screws should be spaced as far apart as possible 
on each side of the fracture. 

= One of the screws should be placed near the proximal 
and distal margins of the fracture (TECH FIG 4A). 

No lag screws are used as the fracture region is bridged. 

Freehand “perfect circle” technique is used for percuta- 

neous screw placement. 

= With fluoroscopy in the lateral position, the holes in 
the plate are visualized as a “perfect circle” to guide 
the drill. 

=" A stab incision is made over the “perfect circle” and 
the knife blade is directed horizontal to the fluoro- 
scopic beam through the iliotibial band and vastus 
lateralis to the desired hole. 


“i fF 





= The 3.2-mm drill bit is then placed into the desired 
hole and the surgeon drills perpendicular to the plate 
through both cortices. 

The fluoroscopic image is rotated to the AP view. 

= The depth gauge is placed on the anterior thigh, and 
fluoroscopic imaging is used to obtain the appropri- 
ate screw length. 

A Vicryl suture is tied over the screw head so the screw 

capture into the screwdriver is not lost during percuta- 

neous screw placement (TECH FIG 4B-E). 

The decision as to which percutaneous screw to place 

first is determined by where the femur is furthest from 

the plate and closest to the fracture. 

= The screw will act as a reduction screw, reducing the 
femur to the plate contour (TECH FIG 4F,G). 

The second screw is placed on the opposite side of the 

fracture. 

The remaining screws are then placed, attempting to 

achieve the greatest screw spread possible to achieve 

maximal stability. 

Once the plate has been fixed to the femur, final radi- 

ographs are obtained to ensure adequate alignment and 

length (TECH FIG 4H,)). 

The Vicryl ties are cut and the incisions are closed. 





TECH FIG 4 e A. Fluoroscopic image of two screws bridging the fracture. These are commonly the first two screws placed. They 
are on the proximal and distal margin of the fracture. B—E. Percutaneous screw placement using fluoroscopic guidance and 
"oerfect circle” freehand technique. B. The scalpel localizing the position and forming a percutaneous incision to the desired 
screw hole. C. Drilling a bicortical screw hole. D. An absorbable suture is tied around the screw head. E. Percutaneous screw 
placement. F,G. Reduction of the femur to the precontoured plate using the screw for reduction. H,I. Postoperative AP radi- 
ographs of the long oblique proximal-third femur fracture managed with the submuscular plate. 
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PEARLS AND PITFALLS 





# A provisional reduction should be obtained with traction to restore fracture length and rotation. 

= The surgeon should make sure rotation is correct using fluoroscopy and fracture geometry before plating. 

= The correct plate length is one that spans from just below the greater trochanteric apophysis to the distal femoral metaphysis. 

= The plate is temporarily secured to the femur with a Kirschner wire placed in the proximal and distal screw holes. Plate position is 


confirmed with fluoroscopy before screw placement. 


= Three screws proximal and three screws distal to the fracture are placed. 


= The screws should be kept spaced as far apart as possible. 


= The first screw placed is used to reduce the femur to the plate. 


= An absorbable suture is tied around the screw to keep it from being lost in the soft tissue with percutaneous placement. 


POSTOPERATIVE CARE 


= A soft dressing is applied. 
=" A knee immobilizer can be used for postoperative comfort 
with mobilization. 
=" No bracing or casting is required in the postoperative period. 
= Patients are then allowed to perform hip and knee range of 
motion as tolerated. 
=" Touch-down weight bearing is encouraged until fracture 
callus is seen (about 6 to 8 weeks). 
= Full activity, including sports, is allowed when a bridging 
callus is present on at least three of the four cortices. 
= Plate removal is at the discretion of the surgeon and family. 
" Removal is often recommended in the younger child with 
the potential for bony overgrowth of the plate. 
" If plate removal is chosen, it is recommended at 6 to 8 
months. 
= If the plate is removed at a later date it will be more 
difficult to remove in a percutaneous manner secondary to 
tissue overgrowth. 
= The plate can be removed through the same percutaneous 
incisions. 
= A Cobb elevator is advanced proximally along the lateral 
aspect of the plate to free the soft tissue. 
" The screws are then percutaneously removed using 
fluoroscopy. 
" A Cobb elevator is then placed between the plate and bone 
to free the plate to allow removal through the distal incision. 


OUTCOMES 


=" Over the past 30 years, femur fracture plating has evolved 
in terms of the use of longer plates, indirect reduction tech- 
niques, fewer plate screws, and fewer lag screws. 
= The best predictor of success is the length of the plate.’ 
" In comminuted and long oblique fractures treated with 
submuscular plating, the longer plate results in less strain on 
the plate and screws as the working length of the plate 
increases. 
= Since the comminuted fracture is spanned with a long 
plate, the strain on the healing fracture is less. 
" With the soft tissues intact around the fracture, the more 
rapid callus formation results in earlier load-sharing of the 
bone with the plate. 
= This limits the period of the load carried by the plate and 
the potential for failure. 
" The longer plate also requires fewer screws for optimal 
plate fixation. 


= There is a subgroup of pediatric femur fractures in which 
the options for treatment are complex. 
=" This encompasses the comminuted and long oblique 
length unstable fracture, the larger adolescent, and more 
proximal and distal fractures. 
= Complications have been reported while treating these 
complex fractures with other methods of fixation, such as 
titanium elastic nails or external fixation.****"' 
= In comparison, the published results of submuscular plating 
are very successful, with minimal reported complications. '° 
=" Submuscular bridge plating is a reliable and predictable 
method to stabilize the more complicated pediatric femur 
fracture. 


COMPLICATIONS 


=" Reported complications are rare, and there are only two 
currently reported: refracture after early plate removal and a 
3.5-mm plate that bent.° 
" These reported complications can be avoided by waiting for 
complete healing before plate removal and using a 4.5-mm 
plate in all but the smallest femurs. 
= Since the fracture is secured out to length, there is the poten- 
tial for postfracture femoral overgrowth. 
" In our experience, this potential overgrowth does not 
become clinically relevant. 
= There is a loss of anterior bow or a few degrees of recurva- 
tum in many fractures after union, but again this has not been 
proved to be clinically relevant. 
=" Appropriate plate bending can help prevent malunion. 
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DEFINITION 


=" Distal femoral physeal fractures involve the femoral 
condyles distal to the physis. 

=" The fractures may be extra-articular (Salter-Harris types I 
and II fractures), which are also referred to as distal femoral 
physeal separations. The fractures may also be intra-articular 
(Salter-Harris types III and IV) (FIG 1).' 

= The important things to assess are involvement of the distal 
femoral growth plate and articular congruity. 


ANATOMY 


= The distal femoral physis is one of the fastest-growing and 
most important growth plates of the lower extremity (FIG 2). 
The physis is remarkable for its multiple undulations. 

=" The medial and lateral collateral ligaments originate from 
the medial and lateral condyles. 

= The anterior and posterior cruciate ligaments originate in 
the intracondylar notch. 

= The peroneal nerve and popliteal artery are close by. 


PATHOGENESIS 


= A direct blow to the knee from medial or lateral may result 
in avulsion of the distal femoral epiphysis in whole or in part. 
The distal femoral condylar unit may displace medially or 
laterally. 

=" A hyperextension injury of the knee may result in distal 
femoral physeal separation with anterior displacement of the 
femoral condylar unit. 

= A direct blow to the flexed knee (dashboard injury) may re- 
sult in fracturing of the distal femoral epiphysis in a variety of 
patterns, including the Salter-Harris type IV fracture. 


NATURAL HISTORY 


=" While most physeal separations (Salter-Harris type I and II 
fractures) have an excellent prognosis for healing without 
growth derangement, fractures of the distal femur are more 
prone to result in growth problems. 
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= This may result from “shaving off” of the undulations of the 
growth plate or from “scuffing” of the growth plate by the meta- 
physis during displacement and replacement of the epiphysis.* 

=" Because this growth plate is rapidly growing and makes an 
important contribution to the total length of the limb, any de- 
rangement here is likely to become symptomatic.”"** 

=" Parents must be warned of the possibility of growth de- 
rangement (shortening or angular deformity) as a result of 
physeal damage. 

=" Healing problems and joint stiffness are unlikely. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= A history is necessary to reveal the direction and magnitude 
of the injuring force. 
= Pulses and neural function must be routinely assessed. 
= Inspection often reveals that the knee is swollen; it may even 
appear dislocated (FIG 3). 
" The degree of displacement correlates with the degree of 
deformity. 
" True knee dislocation is uncommon in the immature 
patient; distal femoral physeal separation is not. 
=" The clinician should perform a varus—valgus stress test. 
Apparent instability suggests that radiographs (with and with- 
out stress) should be obtained to differentiate separation from 
ligament injury. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain film anteroposterior (AP) and lateral radiographs of 
the distal femur or knee should be obtained (FIG 4A,B). 

= Truly undisplaced separations may be visualized on stress 
radiographs (FIG 4C,D). 

=" Displaced intra-articular fractures should be visualized by 
CT scanning (FIG 4E-H). 

= If there is suspicion of concomitant intra-articular derange- 
ment, MRI should be obtained before the insertion of metallic 
hardware. 


FIG 1 e Patterns of epiphyseal frac- 
ture of the distal femur according 
IV to the Salter-Harris classification. 
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FIG 2 © A. AP diagram of knee with physis, collateral ligaments, 
and cruciate ligaments. B. Lateral diagram of knee with cruciate 
ligaments. 


DIFFERENTIAL DIAGNOSIS 


= Dislocation of knee 

= Dislocation of patella 

=" Proximal tibial fracture 

= Fracture of distal femoral metaphysis 





FIG 3 e Picture of swollen knee. 


NONOPERATIVE MANAGEMENT 


=" Truly undisplaced fractures can be immobilized in a long-leg 
cast. 

=" Fractures should be re-evaluated by radiography in a few 
days to check for displacement. 

= Fractures that are easily reducible are rarely stable and are 
not amenable to simple cast immobilization.” 


SURGICAL MANAGEMENT 


=" Surgical management should be considered for displaced or 
irreducible distal femoral physeal separations (Salter-Harris 
type I or II). 

=" Surgical management should be considered for displaced or 
unstable intra-articular fractures (Salter-Harris type III or IV). 
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FIG 4 e A,B. AP and lateral radiographs of knee with physeal separation. C,D. Diagrams of stress radiographs. C. The knee joint opens 
after collateral injury. D. The physis opens after epiphyseal separation. E. AP radiograph of knee suggests fracture of lateral distal 
femoral epiphysis. F,G. Coronal and sagittal CT reconstructions show a Salter-Harris type IV fracture of the lateral epiphysis. H. The 


fracture is well visualized on axial cuts. 





= Surgical management should be considered for fractures as- 
sociated with nerve, vascular, or soft tissue injuries that would 
preclude standard casting. 


Preoperative Planning 


=" If manipulative reduction is contemplated, the surgeon 
should request muscle relaxation from the anesthesia provider 
after induction. 

= If distal pulses are diminished before fracture reduction, 
provision should be made for vascular surgical consultation if 
the normal pulse is not restored after reduction. 

=" The distal femur must be visualized in AP and lateral views 
on fluoroscopy. 

= Intra-articular fractures should be studied by CT scan pre- 
operatively. Fractures that are simply separated may be 
amenable to percutaneous lag-screw fixation. Fractures that 
are widely displaced or rotated may require open reduction 
and internal fixation. 
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FIG 5 e Views from side (A) and foot (B) of operating table, 
showing the patient’s knee flexed over a bump and the 
C-arm overhead. 


Positioning 
=" Generally patients can be positioned supine on a radiolucent 


table. However, fractures that are displaced into extension 
may be best fixed with the knee flexed over a bolster (FIG 5). 


Approach 


= Distal femoral physeal separations will generally be man- 
aged by closed reduction and percutaneous fixation. 

=" Fractures that cannot be reduced closed should be managed 
with open reduction, with the surgical approach on the side 
(medial or lateral) where the periosteum is torn. 

= Salter-Harris type I and I fractures with a small Thurston 
Holland fragment should be fixed with smooth pins across the 
physis. 

= Salter-Harris type II fractures with large Thurston Holland 
fragments should be fixed with transverse screws that lag the 
Thurston Holland fragment to the metaphysis. 

= Salter-Harris type III and IV fractures should be anatomi- 
cally reduced and fixed with lag screws. 





CLOSED REDUCTION AND PERCUTANEOUS PINNING 


Fracture Reduction 

™ Reduction should be done as soon as possible and cer- 
tainly within a week of injury or the fracture may not be 
reducible. 

= Optimal anesthetic technique includes maximum muscle 
relaxation before fracture reduction. 

= Extension injuries are best reduced with the knee in 
flexion (TECH FIG 1). 

= Separations displaced medially or laterally are reduced 
by a medial or lateral force opposite to the direction of 
displacement. 


Fixation 
= Smooth Kirschner wires are placed under fluoroscopic con- 
trol after reduction of the fracture. Stout wires should be 
used (greater than 2 mm in diameter). Two pins are used. 
= One starts in the medial epiphysis and is advanced 
across the separation out the medial femoral metaph- 
ysis (TECH FIG 2A-C). 
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TECH FIG 1 « Lateral diagrams of distal epiphysis displaced 
into extension (A) and reduced (B). 
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TECH FIG 2 « AP diagrams. A. Pin starting in medial femoral condyle drilled retrograde. 
B. Pin starting in medial femoral condyle drilled retrograde across proximal contralateral 
metaphysis and out skin. C. Pin drilled retrograde from proximal until distal end of pin is 
buried in the epiphysis. D. Pin starting in lateral femoral condyle drilled retrograde across 
proximal contralateral metaphysis and out skin. E. Drilled retrograde across proximal con- 
tralateral metaphysis and out skin. F. Pins cut and left outside the skin proximally. 


= The second starts in the lateral epiphysis and is ad- 
vanced across the separation into the lateral metaph- 
ysis (TECH FIG 2D,E). 

Pins left protruding distally may provide a portal to seed 

the knee joint with bacteria. For this reason, considera- 

tion should be given to advancing the pins proximally 

out the contralateral metaphysis and out the skin of the 


thigh. The pins are grasped proximally and drilled retro- 
grade until the distal end disappears into the knee joint 
and the epiphysis of the distal femur. Pins are left pro- 
truding proximally (TECH FIG 2F). 

A cast or splint is applied with the knee in a comfortable 
degree of flexion. 


CLOSED REDUCTION AND PERCUTANEOUS SCREW FIXATION 


This technique is satisfactory for type Il epiphyseal sepa- 
rations with a substantial Thurston Holland fragment or 
for type III and IV fractures that are not widely displaced 
or rotated. 

The fracture is reduced by closed manipulation (TECH FIG 
3A,B). Guidewires for cannulated screws (usually 4.5 mm) 
are passed percutaneously using fluoroscopic guidance. 
The guidewires should be passed perpendicular to the 


plane of the fracture and parallel to the physis (TECH 
FIG 3C). 

Fluoroscopy confirms wire placement. Overdrilling pre- 
cedes placement of lag screws (TECH FIG 3D). Generally 
two screws are placed (TECH FIG 3E). 

Stability of fixation is tested. Hardware is added if 
needed. 

A splint or cast is applied. 
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TECH FIG 3 e AP diagrams. A. Displaced Salter-Harris 
type Il fracture of distal femur. B. Reduced Salter- 
Harris type II fracture of distal femur. C. Guidewires 
placed across Thurston Holland fragment, parallel to 
physis. D. Drill over guidewires. E. Lag screws in place. 


OPEN REDUCTION AND INTERNAL FIXATION 


Extra-articular Fractures 


A tourniquet should be applied to the thigh and inflated 
after exsanguination. 

Irreducible epiphyseal separations should be ap- 
proached from the side on which the periosteum is torn 
(TECH FIG 4A). 

An incision is made medially or laterally over the physis. 
Interposed soft tissue, usually periosteum, is removed 
and the fracture is reduced (TECH FIG 4B). 


TECH FIG 4 e AP diagrams of displaced Salter-Harris type II 
fracture. A. Fracture of distal femur with interposed soft 
tissue. B. Interposed soft tissue removed. C. Interposed soft 
tissue removed and screws placed. 


m Fixation is then placed as for the above procedures 
(TECH FIG 4C). 


intra-articular Fractures 


=  Salter-Harris type Ill or IV fractures that cannot be re- 
duced closed should be approached by a parapatellar 
arthrotomy on the same side of the fracture. 
Hematoma is evacuated. 
The fracture is reduced under direct vision and lagged in 
place with cannulated screws (TECH FIG 5). 

= — Closure and splinting or casting are routine. 





TECH FIG 5 e AP diagrams of a displaced Salter-Harris type III 
fracture (A) that has been lagged together (B). 
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PEARLS AND PITFALLS 


Indications 





= Fractures that present late (more than 7 to 10 days after injury) may be irreducible. These should 


be left to heal. Late osteotomy can be performed if necessary. 


Nerve and vascular injury 
Pin placement 


™ Specific examination for distal pulses and peroneal nerve function is necessary before treatment. 
# When drilling pins retrograde, it is important to avoid the nerve and vascular structures in the 


posterior aspect of the distal thigh. 


Pin tracts 
with pin tract irritation. 


POSTOPERATIVE CARE 


The splint or cast is left for 1 month. 

Straight-leg raising is encouraged. 

Weight bearing is not allowed. 

Pins are pulled at cast removal. 

Motion is allowed after cast removal. 

Screw removal is optional after complete healing. 


OUTCOMES 


" Healing is not a problem and can be expected in all cases. 
=" The knee will be stiff when the cast is removed, but range of 
motion is usually quick to return. 

=" Up to one third of patients may develop late growth de- 
rangement. Assessment of the physis with plain radiographs 
and in most cases MRI is important because the rate of growth 
arrest is so high. An MRI at 4 to 6 months may show the first 
signs of physeal arrest. 


= Tension in skin around pin tracts should be relieved before immobilization to prevent problems 


COMPLICATIONS 


= Nerve or vessel injury 
=" Malreduction 

= Pin tract infection 

=" Growth derangement 
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Pediatric Tibial Fractures 
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DEFINITION 


= Fractures of the tibia are common in children. 

= Severity ranges from nondisplaced “toddler’s” fracture to 
high-energy open injury. 

=" Open growth plates at the ends of the tibia preclude stan- 
dard adult treatment options such as solid interlocked nails. 

= Many cases can be managed nonoperatively, but orthopaedists 
need to maintain familiarity with operative techniques. 


ANATOMY 


=" Relevant anatomy includes muscle compartments (anterior, 
posterior, superficial and deep posterior), cross-sectional shape, 
and growth plates (FIG 1). 

=" Neurovascular structures are at risk from direct trauma or 
compartment syndrome. 

=" Understanding the anatomy of the growth plates is crucial 
when planning fixation techniques. 


PATHOGENESIS 


= The most common injury scenarios are either low-energy in- 
juries, such as those sustained during sports (twisting injury), 
or high-energy ones, such as seen in car-versus-pedestrian ac- 
cidents (direct blow, comminuted fracture). 

=" Many injuries fall somewhere along the spectrum. 

= High-energy injuries often are seen with concomitant injuries, 
such as ipsilateral femoral injuries (the so-called floating knee), 


Craig P. Eberson 


compartment syndromes, and intra-articular injuries of the 
proximal or distal tibia. 

=" Occasionally, the fracture may be pathologic through an un- 
derlying bone lesion (eg, nonossifying fibroma, aneurysmal 
bone cyst, osteomyelitis, osteosarcoma). 

= As in all fractures in young children, child abuse must be 
suspected if the history is unclear or multiple fractures are 
present. 


NATURAL HISTORY 


=" Because of the significant remodeling potential in young 
children, most patients heal without sequelae. 

=" Morbidity from associated injuries, however, may be signif- 
icant (ie, compartment syndrome), so a thorough evaluation is 
of paramount importance. 

= General guidelines are available to define acceptable healing 
alignment (Table 1). 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" The history should include mechanism of injury, antecedent 
pain, neurologic symptoms, and other areas of pain (eg, femur, 
abdominal pain, headache). 

=" A high-energy injury should also prompt a full trauma 
workup using standard Advanced Trauma Life Support 
protocols. 


Anterior compartment 

Tibialis anterior 

Deep peroneal nerve 

Anterior tibial artery and vein 
Extensor hallucis longus 
Extensor digitorum longus 





Popliteal artery 

















Tibia 

Deep posterior 
compartment 

Tibialis posterior 

Flexor digitorum 

longus fey 
Flexor hallucis longus > 


Posterior tibial artery 
and vein 
Tibial nerve 


Anterior tibial 
artery 
Lateral compartment 


Superficial peroneal nerve 
Peroneus longus 
Peroneus brevis Posterior tibial 


Fibula artery 


~ Superficial posterior 
compartment 

Soleus Peroneal artery 
Gastrocnemius 


Adipose — 
tissue 


FIG 1° A. Cross-sectional anatomy at the midtibial level. Note 
the triangular shape of the tibial shaft; this is important when 
placing external fixator pins. B. Arterial supply of the leg 
viewed from posteriorly. The anterior tibial artery penetrates 
the interosseous membrane proximally and is tethered there, 
putting it at risk for injury in proximal fractures. C. Proximal 
tibial physis viewed laterally. It is important to appreciate the 
continuity of the tubercle and proximal tibial growth plates. 
Injury to the tubercle growth plate will result in a recurvatum 
deformity. 
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Acceptable Deformity for 
Fractures of the Tibia 





Acceptable Deformity By 
Patient Age 


Parameter Under & years 8 years or Older 
Valgus 5 degrees 5 degrees 
Varus 10 degrees 10 degrees 
Apex anterior/posterior 
Angulation 10 degrees 5 degrees 
Shortening 10 mm 5mm 
Malrotation 5 degrees 5 degrees 


From Heinrich SD. Fractures of the shaft of the tibia and fibula. In Beatty JH, Kasser JR, eds. 
Rockwood and Wilkins’ fractures in children, 5th ed. Philadelphia: Lippincott Williams & 
Wilkins, 2001:1077—1119; and Wilkins KE. Principles of fracture remodelling in children. 
Injury 2005;36:A3—A11. 


=" The physical examination should focus on assessing initial 
displacement and skin condition (ie, open injury), as well as 
swelling of the compartments. 
= The limb should be splinted, in the case of gross deformity, 
before obtaining films using material that permits high-quality 
radiographs. 
=" A thorough neurovascular examination is needed to assess 
for vascular injury or compartment syndrome.' 
" Pulses should be palpated or obtained with Doppler 
assistance. 
" Sensation in the deep and superficial peroneal nerve and 
tibial nerve distributions should be assessed, as well as 
motor function (toe flexors—extensors). 
= Pain with passive motion of the toes may represent an 
evolving compartment syndrome. More specifically, increas- 
ing pain, or pain out of proportion to the injury, is often 
the first early warning sign and should be taken seriously. 
Splitting or removal of casting material should be performed 
if any question exists. 
= Compartment pressure measurements should be obtained in 
cases of concern (FIG 1A). 
=" Compartment syndrome is signaled by tense swelling of 
the compartment, pain with gentle squeezing of the com- 
partment, pain with passive extension-flexion of toes, and 
paresthesias in involved nerve distributions. Loss of pulse is 
a late finding. 
Patients with any of these signs should be considered at 
risk. 
" A low threshold should be present for measuring com- 
partment pressures and performing fasciotomy as needed. 
" Vigilance is required to prevent permanent sequelae due 
to missed compartment syndrome. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Standard anteroposterior (AP) and lateral radiographic 
views should be obtained. 

=" For complex fractures, dedicated knee and ankle films can 
be helpful to evaluate for extension into the physeal or articu- 
lar regions. 

=" Computed tomography can be helpful to assess these re- 
gions if radiographs do not provide sufficient clarity. 

=" Contralateral full-length films are helpful for determining 
length in comminuted fractures. 


DIFFERENTIAL DIAGNOSIS 


= Isolated tibial fracture 

= Floating knee 

=" Pathologic fracture 

= Intra-articular or intraphyseal injury 
=" Compartment syndrome 
a 


Child abuse 
NONOPERATIVE MANAGEMENT 


=" Most tibial fractures can be managed with closed reduction 
and cast immobilization in an above-the-knee cast. 
= The cast should be molded to the anatomy of the tibia. 
= A supracondylar “squeeze” mold above the knee and 15 
to 20 degrees of knee flexion can prevent cast slippage. 
" To truly avoid weight bearing, the cast must be flexed at 
least 70 to 80 degrees (if appropriate for a specific fracture). 
=" In cases of acute fracture, the cast can be univalved to allow 
for swelling. It can then be overwrapped before initiating 
weight bearing. 
=" Weekly radiographs are obtained for the first 3 weeks, with the 
cast being wedged or changed as needed for loss of alignment. 
=" Weight bearing is dictated by patient comfort. 
= The cast is changed to a short-leg or patellar-bearing cast 
after 4 to 6 weeks, and immobilization is continued until heal- 
ing is complete. 
=" Surgical management is required for inability to maintain 
satisfactory alignment (Table 1). 


SURGICAL MANAGEMENT 


= Indications for surgical treatment of tibial fractures in chil- 
dren include open injuries, compartment syndrome, multiple 
injuries, and fractures for which closed treatment fails. 
= Treatment in mature adolescents is the same as for adults 
with reamed, locked nails. 
=" Younger children’s open physes require techniques that 
avoid the proximal and distal tibia, such as external fixation, 
plate fixation, and elastic intramedullary nailing. 
= Traditionally, external fixation was used primarily for frac- 
tures with significant comminution or soft tissue injury, where 
intramedullary fixation was considered impractical. However, 
recent work challenges this paradigm for surgeons experienced 
with elastic nailing.'° 
= Rapid stabilization of the multiply injured child is often 
accomplished using external fixation as well.”*"’ 
=" Plate fixation is a helpful technique for fractures not 
amenable to elastic nail fixation. 
" It is particularly helpful in patients who present with late 
loss of reduction and require an open approach to remove 
callus and align the fracture. 
" It is used at our institution primarily for distal-third frac- 
tures. 
= After successful use in the treatment of pediatric femur frac- 
tures, the elastic intramedullary nail technique has also been 
successfully applied to the tibia.*»>'* 


Preoperative Planning 


= Full-length radiographs of the tibia and fibula should be 
obtained. 
" Views of the contralateral side can be helpful to determine 
proper length in comminuted fractures. 
= A clinical examination of the well side can guide the sur- 
geon in determining rotational alignment. 


Elastic intramedullary 
nails 

External fixator 

plate 


Cannulated screws 
K-wires 

External fixator 
Extraphyseal plate 





FIG 2 © Suggested fixation techniques for the pediatric tibia. 


=" The choice of fixation is determined by fracture location, 


comminution, and soft tissue envelope (FIG 2). 


Positioning 


= The patient is positioned supine on the operating table 


(FIG 3). 


= The fluoroscopy machine can be brought in from the oppo- 


site side of the table so that it is out of the surgeon’s way. 





EXTERNAL FIXATION 


In the supine position, traction is used to roughly align 

the fracture. 

Pins are placed using fluoroscopic guidance to avoid the 

physis. 

= Particular care is required when placing the most 
proximal pin. 

= The tibial tubercle physis is not easily seen on the AP 
radiograph. 

= A lateral view is required to avoid injury to this struc- 
ture and a late procurvatum deformity. 

An array of pin sizes should be available. 

= Full-sized adolescents may require 5-mm pins as in 
adults, but smaller children require smaller pins to 
avoid an overly stiff construct. 

™ Four-millimeter pins should be used for younger chil- 
dren (ie, under 10 years old), and | have found an 
adult wrist external fixator with 2.5-mm pins useful 
for treatment of toddlers with open injuries requiring 
fixation, such as lawnmower injuries. 

Pins are placed on each side of the fracture, one close 

(within several centimeters of the fracture line) and one 

far (at least 2 to 3 cm away from the physis). 

Children’s bone is often quite hard. Despite using “self- 

drilling” pins, | prefer to predrill the anterior cortex be- 

fore placing the pin. 
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FIG 3 ® Positioning for operative treatment of tibia fractures. 
The hip is elevated on a towel roll so that the patella points 
directly anteriorly. The fluoroscopic unit is brought in from 
the opposite side of the table to avoid interference with the 
surgeon. 


=" A small bump placed under the ipsilateral hip is helpful to 
counter external rotation of the femur, so that the patella is 
pointed straight vertically. 


Approach 


=" The approach for treatment of tibial fractures depends on 
the technique used. 
= Elastic nails and external fixation pins are placed through 
stab incisions. 
=" Open reduction and internal fixation approaches are the 
same as described for adult injuries elsewhere in this text. 


= Ring sequestra may develop from the heat gener- 
ated in hard bone if pins are drilled directly in some 
children. 

The roughly triangular shape of the tibia should be 

noted (see Fig 1A). 

= The pins should be started on the tip of the anterior 
tibia or just medial and aimed slightly medially. 

=  Laterally aimed pins may be unicortical, as the lateral 
cortex of the tibia is vertically oriented. 

The fracture is then manually reduced, using the pins for 

traction if necessary, and the frame is connected (TECH 

FIG 1A). 

In cases of soft tissue injury requiring the ankle to be 

immobilized, extending the frame to the first or fifth 

metatarsal can allow easier wound management (TECH 

FIG 1B). 

The pin sites are covered with todine-soaked gauze. 

= | have caregivers begin cleaning the pin sites with 
half-strength hydrogen peroxide once or twice daily 
after the 1-week follow-up visit. 

A posterior splint is applied to immobilize the ankle and 

allow soft tissue healing. It is removed after 2 to 3 weeks 

to begin ankle range of motion. 
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PLATE FIXATION 


= Treatment is essentially the same as for adult injuries, 
but several points bear emphasis. 
= It is helpful to make the incision slightly laterally over the 
anterior compartment so it will not lie directly over a me- 
dially placed plate (TECH FIG 2A). 
= The fracture is reduced using standard techniques. Care 
should be taken to avoid unnecessary stripping of the 
fracture. 
= | prefer to make an incision over the fracture large 
enough to reduce the fragments but not the entire 
length of the plate. 
= The plate can be slid under the skin, over the perios- 
teum, and the screws placed through stab incisions, as 
for percutaneous plating in adults (TECH FIG 2B). 
= For larger children, many adult fracture systems include 
precontoured 3.5-mm plates for the distal tibia. 
" For smaller children, a small fragment plate may be 
contoured to fit appropriately. 
=  |t is important to avoid injury to the perichondral ring 
at the distal extent of the plate. 
= If the plate is applied on the medial side of the tibia, as 
it often is for fractures with valgus angulation, it will 
usually need to be removed after healing due to promi- 
nence. 
= If applied laterally, | usually make a longer incision, since 
percutaneously placed screws will traverse the anterior 
compartment and potentially injure the neurovascular 
bundle. | prefer open placement in this case. 
= ~The wound is closed using standard techniques. A poste- 
rior splint is applied to protect the soft tissues. 


TECH FIG 1 « A. External fixation in a patient with a compart- 
ment syndrome. Arrows mark the proximal and distal growth 
plates. The proximal pins start fairly distally to avoid the tuber- 
cle physis. B. In this patient, an external fixator was used for a 
grade 2 open fracture treated with delayed closure. The patient 
also had a degloving injury requiring a flap and skin graft over 
the medial ankle. The frame was extended to the first 
metatarsal to immobilize the foot during healing. Although 
somewhat bulky, the “double stack” configuration of the frame 
allows for easy dynamization. 


Plate 







Lag screw 


Stab incisions ft 
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TECH FIG 2 © A. Incision for open reduction and internal fix- 
ation is made laterally over the anterior compartment, and 
the skin can then be mobilized to gain access to the fracture 
site. It is important not to incise the skin directly over the pro- 
posed location of the plate. B. Medial view of internally fixed 
tibia. A lag screw compresses the fragment, and the plate 
stops short of the physis. The skin incision is centered over the 
fracture to allow an accurate reduction, but the proximal and 
distal screws can be placed percutaneously through a medially 
applied plate. It is helpful to make one stab incision for every 
two holes, centered between them. 
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ELASTIC INTRAMEDULLARY NAIL FIXATION 


= The surgeon begins by selecting the proper nail size. 
Usually nails should be 0.4 times the diameter of the tib- 
ial isthmus. 

= ~The nails are contoured so that there is a C shape with its 
apex at the fracture site. This will cause cortical contact 
at the apex, yielding three-point fixation (proximal, cor- 
tical at fracture level, and distal). 

= By contouring rods of equal diameter symmetrically, the 
elasticity of the nails resists deformation of the fracture, 
as opposed to reamed nailing, where the fracture is sta- 
tically supported by the strength of the nail. 


Preparation for Nail Insertion 


= The nails are inserted in the tibial metaphysis. 

= The proper starting point is at least 1 cm distal to the 
proximal tibial physis and 2 cm posterior to the tibial 
tubercle physis (TECH FIG 3A,B). 

= The relevant landmarks should be identified fluoroscop- 
ically and marked on the skin (physis, tubercle, starting 
points) before proceeding (TECH FIG 3B). 

= The incision should be 1 to 1.5 cm long, with its most dis- 
tal extent roughly 1 cm proximal to the physis. 
= This will allow an oblique passage of the nail at the 

correct proximal-to-distal angle. 

= Asmall hemostat is used to carefully spread through the 
tissue down to bone, and a drill sleeve and drill are placed 
on the bone. The drill should be 1 to 1.5 mm larger than 
the diameter of the nail. 

m After checking the position of the drill tip with fluo- 
roscopy (TECH FIG 3C), a starting hole is drilled along 
the proposed path of the nail (TECH FIG 3D). 
= Care is taken not to drill across the tibia out the op- 

posite cortex. 





Nail Pattern and Placement 


=" Multiple nail patterns have been described,? but the stan- 
dard is one medial and one lateral nail (TECH FIG 4A,B). 

= Alternately, if soft tissue compromise precludes the use 
of an entry site, the first nail is bent into a C, with the 
second bent into an S. The apex of the more distal curve 
in the nail should be at the fracture site. 

= The first nail is contoured into a C shape. It should be 
placed on the tibia and a fluoroscopic image obtained 
(TECH FIG 4C,D). 
=" A gentle bend is placed in the nail, centered at the 

fracture. 

= The nail is placed up to the fracture site under fluoro- 
scopic guidance. Initially, it is helpful to direct the bend 
posteriorly, as in the passage of a guidewire for a stan- 
dard reamed nail, but it is important to rotate the bend 
into the proper plane to prevent a recurvatum deformity 
(TECH FIG 4E,F). 

= The second nail is placed in the same fashion. 


Fracture Reduction and Fixation 


= The fracture is then manually reduced. 
= It is rarely necessary to open the fracture to obtain a 
reduction, as the fracture can be easily manipulated. 
= The bent tip of the nail can be used to assist in reduc- 
tion as well. 
= To pass the nails across the fracture, it is helpful to con- 
sider the initial deformity of the fracture. 
™ For example, if the fracture tends to lie in valgus, it 
may be helpful to pass the medial nail first to apply a 
varus force. The second nail is then directed across the 
fracture site. 





Cc 





TECH FIG 3 « A. The proper starting point for nail insertion 
lies at least 1 cm distal to the proximal tibial growth plate and 
2 cm posterior to the tubercle physis. B. Patient undergoing 
elastic intramedullary nailing of the tibia. Marked on the skin 
are the proximal growth plate and proposed entry sites, as 
well as the fracture. The incision is made proximal to the line 
of the physis, and an oblique angle matching the final path 
of the nail is dissected with a hemostat down to the bone. 
Cc. After confirming the entry site radiographically, a drill is 
used through a guide to open the cortex 1 to 2 mm larger 
than the nail diameter. D. The drill starts perpendicular to the 
bone and is advanced distally. Care is taken not to drill into a 
previously placed nail or through the far cortex. 
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™ Care should be taken to stop the nails short of the dis- 
tal physis and to avoid distraction at the fracture site. 
= When passing the nails, it is often helpful to pass them 
both to the level of the fracture and sequentially cross- 
ing the fracture site. 


TECH FIG 4 ¢ A,B. Potential patterns of nail insertion. The standard pattern (A) entails 
one medial and one lateral nail. Alternately, both nails are inserted from the same side 
to avoid compromised skin (B). In the tibia, the former technique is far easier. C. The 
nail is placed on the skin, with the tip at the proposed final location, as confirmed ra- 
diographically. D. The nail is marked at the fracture site and bent to place the apex at 
that location. E. When starting a nail, it is helpful to rotate the nail so that the tip 
points anteriorly, bouncing off the posterior cortex. F. The nail is then turned so that 
the bend in the nail lies in the coronal plane. 


=" In oblique fractures, the first nail will deform the frac- 
ture and make passing the second nail difficult if the 
first nail is passed all the way down initially. 

= In simple fractures, the order of passage is less 
important. 





CUTTING THE NAILS AND WOUND CLOSURE 


= The nails are then cut, pulling them away from the bone 
without exceeding the elastic modulus of the nail, so they 
lie against the bone after they are cut, with about 2 cm out 
of the bone available for removal if required at a later date. 
=" Alternately, the nails can be withdrawn a few cen- 
timeters, cut short, and then impacted back down the 
tibia, again leaving 2 cm of exposed nail beyond the 
entry site. 


=" This step is important, because if the nails are left too 
long or are bent out away from the bone, they will 
become symptomatic before fracture healing. This is 
especially true medially, where the rod is subcuta- 
neous (TECH FIG 5). 
= The incisions are closed with subcuticular suture, and a 
posterior splint is applied to allow tissue healing. 





TECH FIG 5 ® Instead of cutting the 
nail under the skin, it can be with- 
drawn, cut at skin level (A), and 
tamped in to prevent irritation (B). 


PEARLS AND PITFALLS 
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Compartment syndrome 


# A high index of suspicion is required. 


= The surgeon must maintain vigilance throughout the postoperative period for late development. 
= Increasing pain is the first sign of pediatric compartment syndrome. 


External fixation 


= Rigid frames may lead to delayed union. 


= Care should be taken to use appropriately sized pins and to dynamize early. 
= Fluoroscopic guidance is used to avoid growth plates. 


Plate fixation 


= Incisions should be carefully chosen to avoid compromised skin. 


= Low-profile plates may help avoid irritation from the plate before fracture healing. 


Elastic intramedullary 
techniques. 


= Fractures that are very distal or proximal, or highly comminuted, should be treated by other 


= Proper nail contouring and size selection are important to maintain stability of the fracture. 
® Ideally, the nails should be the same diameter to provide balanced fixation (FIG 4A). 
= Nails should be passed carefully to avoid the “creeping vine” effect. 
= If the nails spiral around each other, the elastic recoil, and thus the stability of the technique, 


will be lost (FIG 4B). 


= Care should be taken to avoid physeal injury. 
= Nails should be cut short to avoid irritation. 





POSTOPERATIVE CARE 


= For patients treated with external fixation, a splint is used 
for 7 to 10 days to allow the tissues to recover. 
" For stable fractures, progressive weight bearing is initi- 
ated in reliable patients. 
" Unstable or comminuted fractures require waiting until 
visible callus is present before weight bearing. 
" Depending on fracture stability, dynamization of the fix- 
ator is initiated early, after sufficient callus is seen. The 
frame is removed in the office or the operating room after 
healing is noted radiographically. 
=" Most patients benefit from short-term support with a bi- 
valved cast after removal. 
=" Patients treated with plate fixation begin a progressive 
weight-bearing program, with immobilization discontinued 
after sufficient radiographic healing is present, usually by 6 
weeks. 
= Patients treated with elastic intramedullary fixation are usu- 
ally splinted for 7 to 10 days, followed by progressive weight 
bearing. The plan is modified based on fracture stability, soft 
tissue injury, and patient reliability. 
" Patients with substantial (over 50%) cortical contact may 
begin weight bearing as tolerated after soft tissue healing 
has occurred. 


FIG 4 » Potential pitfalls in nail placement. A. The nails are of differing diame- 
ter, inducing a valgus moment that needs to be controlled in a cast. Note the in- 
cidental nonossifying fibroma. B. “Spiraling nails.” The elasticity afforded by 
three-point fixation is lost, making the construct less stable. 


= In general, prolonged stiffness is unusual in pediatric patients. 
= It is better to overimmobilize in questionable cases to 
avoid malalignment and regain motion later with aggressive 
physiotherapy. 
=" Removal of symptomatic hardware (ie, nails or plate) 
should be delayed until fracture healing and remodeling are 
complete. 
" I prefer to remove elastic nails electively in all patients 6 
to 9 months after injury, as the nails will become completely 
intramedullary with significant continued growth, thus 
making late removal extremely difficult. 
" Ideally, plate removal is delayed for a year, after remodel- 
ing is complete. 


OUTCOMES 


=" Most tibial fractures in children will heal uneventfully, 
although healing difficulties can occur, especially in older 
patients.” 

= Slongo'’ noted that most complications seen in his series were 
a result of improperly applied technique, particularly residual 
distraction at the fracture site, leading to a “pseudarthrosis 
model” even in children. 

= Bar-On and associates* noted increased callus formation 
and shorter time to union in the elastic intramedullary nailing 
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group versus external fixation (7 weeks compared with 10) in 
a femur model. 
= Myers and coworkers’? reported a significant complica- 
tion rate in high-energy tibial fractures treated with external 
fixation, including delayed union, malunion, leg-length dis- 
crepanicies, and pin-tract infections. 
= Kubiak and colleagues* reported 2 delayed unions, 2 malu- 
nions, and 3 nonunions in a series of 15 patients managed with 
external fixation, although these appear to have occurred in 
Open injuries. 
" They reported higher functional scores in their patients 
treated with elastic intramedullary nailing compared to ex- 
ternal fixation. 
=" Operative techniques usually require additional procedures 
for removal of pins or prominent nails or plates. 
=" Obviously, operative complications do not occur in nonop- 
eratively treated patients. Knowledge of proper indications is 
crucial to maximize outcomes. 


COMPLICATIONS 


Malunion 

Delayed union 
Leg-length discrepancy 
Compartment syndrome 
Symptomatic hardware 
Infection 
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Open Reduction and Internal 


ster VI 


Fixation of Tibial Tuberosity 


Fractures 


Ernest L. Sink 


DEFINITION 


= Tibial tuberosity fractures are relatively rare fractures in 
adolescents. They commonly occur in the later years of skeletal 
growth before physeal closure. 

=" The fracture mainly occurs in boys, but there are a few cases 
reported in girls. 

=" The injury occurs while jumping, such as while playing 
basketball. 

= There may be a history of prior tuberosity apophysitis. 


ANATOMY 


= The tibial tubercle develops in four stages.” 
" In the first stage the tubercle is completely cartilage before 
a secondary center of ossification forms. 
=" The second, or apophyseal stage, occurs at age 8 to 
12 years in girls and 9 to 14 years in boys. The secondary 
center of ossification forms, but it is not connected to the 
epiphysis of the proximal tibia. 
" The third, or epiphyseal, stage is when the “tongue” of 
the apophysis and the epiphyseal bone are continuous. The 
ages for the third stage are 10 to 15 years for girls and 11 to 
17 years for boys. 
" In the final stage the physis is completely fused and 
becomes bony. 
= The patellar ligament inserts into the proximal portion of 
the apophysis. There is a broad insertion into the periosteum 
distal to this. The insertion is lateral to the midline; thus, the 
fracture fragment is centered lateral to the midline. 
" This is important when considering the approach for 
intra-articular visualization. 
= The anterior tibial recurrent artery may tear after a displaced 
fracture. Bleeding from its proximal branches as it retracts 
into the anterolateral compartment may lead to compartment 
syndrome. 


PATHOGENESIS 


=" The injury occurs with a forceful quadriceps contraction 
while the foot is fixed. There is a significant force that the 
quadriceps mechanism is able to generate, and this over- 
comes the strength of the epiphysis and the surrounding 
periosteum. 

= The other mechanism of injury is sudden passive knee flex- 
ion while the quadriceps is contracted. 

=" It has been hypothesized that individuals with this fracture 
may have quadriceps strength that is greater then their peers.® 
Thus, the conditions for the fracture are present during jump- 
ing and in strong individuals. 

=" Many of the patients have pre-existing Osgood-Schlatter 
disease,'»!1:12 

= The injury usually occurs at a time when the tuberosity is 
undergoing normal closure. 


=" There have also been reports of associated injuries such as 
quadriceps tendon injury, cruciate ligament tears, and menis- 
cal injury.?"°”?” 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients are usually very tender, with significant swelling 
over the anterior proximal tibia. 

= In the more displaced fractures (type II and III) there is usu- 
ally no possibility of active extension against gravity. There 
may also be patella alta in the more displaced fractures. 

= Patients with minimally displaced fractures may extend the 
knee, but with obvious discomfort. 

=" A good neurovascular examination should be performed. 

= The clinician evaluates for the presence of leg compartment 
syndrome. 

= In the acute fracture there is a sudden onset of pain and it is 
difficult to ambulate. This is unlike Osgood-Schlatter disease, 
in which the onset is more chronic and there may be radi- 
ographic findings of a chronic condition such as calcification 
anterior to the secondary center of ossification. 


RADIOGRAPHIC FINDINGS 


=" Good anteroposterior (AP) and lateral radiographs are often 
able to make the diagnosis. 
= The displacement is most obvious on the lateral radiograph. 
If it is a nondisplaced fracture or the separation is minimal, a 
contralateral comparison radiograph may help confirm the 
diagnosis. 
= Ogden described three types’: 
" Type I fractures are through the apophysis. 
" Type II fractures exit between the epiphysis and apophysis. 
" Type III fractures propagate into the anterior knee joint 
under the anterior meniscus attachments (FIG 1). 


NONOPERATIVE MANAGEMENT 


=" Open reduction and internal fixation (ORIF) is indicated 
for all patients except those with completely nondisplaced 
fractures. 
=" In nondisplaced fractures where patients can perform a 
straight-leg raise, a long-leg cast may be used for treatment. 

=" Immobilization should be for 6 to 8 weeks. 
=" Close radiographic follow-up is needed for the first 2 weeks 
to ensure the fracture does not become displaced. 
= Even in the nondisplaced fractures, percutaneous screw fixa- 
tion may allow earlier immobilization and prevent 6 to 8 weeks 
of casting. 


SURGICAL MANAGEMENT 


=" For fractures with more displacement, open reduction and 
fixation with screws is recommended. 
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FIG 1 e A. Lateral radiograph of a 13-year-old girl who sustained 
a tibial tuberosity fracture. The fracture is a type Ill, which enters 
the knee joint. B. Lateral radiograph of a displaced type Ill tibial 
tuberosity fracture in a 14-year-old boy. 





DISSECTION AND FASCIOTOMY 


The large hematoma should be evacuated. 

There is commonly a long periosteal flap of the proximal 
tibia seen with the elevated fragment that needs to be 
extracted from the fracture. 

A prophylactic anterior compartment fasciotomy is 
performed. 

The distal, medial, and lateral extent of the fracture 
should be surgically defined with sharp dissection. 


OPEN REDUCTION 


Next, the fracture is reduced; this is aided by leg 
extension. 

=" Often the articular surface can be first reduced and 

the distal aspect then reduced into the base. 

Reduction is confirmed with both visualization and 
fluoroscopy. 

If the fracture is not reduced anatomically, it is due to soft 
tissue interposition or meniscal interposition (TECH FIG 1). 


TECH FIG 1° A.A 15-year-old boy with a displaced tibial 
tuberosity fracture that enters the joint surface. B. Initial 
postoperative lateral radiograph after open reduction and 
internal fixation. Despite initial fluoroscopic views indicat- 
ing an adequate reduction, the radiographs indicate a poor 
reduction. (continued) 


Positioning 

= Patients are positioned supine with the operative leg and 
knee prepared free. 

=" The table should allow good anterior and posterior views to 
be obtained with fluoroscopy. 

= The tourniquet can be used to keep the field dry, allowing 
for good visualization of the fracture fragments and the joint 
reduction. The tourniquet, however, may prevent the quadri- 
ceps from being freely mobilized and may make reduction 
more challenging. 


Approach 


= A midline anterior incision is made. 

= The proximal extent is the midpatella and the distal aspect 
is a few centimeters distal to the tibial tubercle fracture bed. 

= There is a significant amount of hematoma formation and 
torn periosteum; thus, the incision length allows the surgeon 
to define the appropriate anatomy and prepare the fragment 
for reduction. 

= Since the tubercle and the fracture are on the lateral aspect of 
the proximal tibia, a lateral parapatellar approach will give bet- 
ter visualization of the fracture and intra-articular reduction. 

=" The lateral approach also limits any damage to the infra- 
patellar branch of the saphenous nerve. 


= For the type of fracture that exits the anterior part 
of the knee joint, the surgeon must visualize the knee 
joint. This can be accomplished by looking into the knee 
through the fracture or by a parapatellar approach. 
Specifically, the surgeon must ensure the meniscus is 
not injured or interposed in the fracture before 
reduction. 





Chapter 17 ORIF OF TIBIAL TUBEROSITY FRACTURES 





TECH FIG 1 « (continued) C. AP postoperative radiograph indicating a possible poor reduction. D,E. CT scans indicate 
the joint surface is poorly reduced. F. A repeat open reduction and internal fixation was performed. The lateral menis- 
cus Was impeding the prior reduction and it was removed from the fracture site. This allowed a successful reduction, 
as shown by the lateral radiograph. 


FIXATION 


Once the fracture is reduced, screw fixation is recom- 
mended. 

Provisional Kirschner wires may be placed to hold the 
reduction before screw fixation. 

The screws are placed from anterior to posterior parallel 
to the joint surface. Bicortical purchase is not imperative 
due to the thin posterior cortex in this region. It is impor- 
tant to prevent vascular injury posterior to the knee joint 
In this region. 

Cancellous screws in compression are ideal for this loca- 
tion. Cortical screws will achieve fixation as well, espe- 
cially more distal. 





ah 





If there is a large bone fragment, two or three 4.5-mm 
screws are ideal and may lead to less screw head irrita- 


tion (TECH FIG 2A,B). 


=" We often use a washer for the thinner cortical bone 


at the distal region of the fracture. 


= Alternatively, 6.5- or 7.3-mm screws can be used, 


although screw head irritation may occur. 


The surgeon should avoid placing the screws directly 


under the incision (TECH FIG 2C). 





TECH FIG 2 « A. Intraoperative fluoroscopic image after open reduction and internal fixa- 
tion of the fracture in Figure 1A with two 4.5-mm screws. B,C. Patient in Figure 1B after 
open reduction and internal fixation. B. Lateral radiograph shows where three 4.5-mm 
screws were used parallel to the joint surface. C. Anterior radiograph shows the screws are 
lateral to the midline as the fracture is more lateral. The screws are not directly deep to the 
incision, in an attempt to avoid painful screw heads. 
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PEARLS AND PITFALLS 





= Close radiographic evaluation can help the surgeon to recognize the minimally displaced fracture and the possibility of another 


extensor mechanism injury, such as a sleeve fracture. 


= The impediments to reduction—the periosteum and meniscus—should be removed. 
= The surgeon should be aware of associated injuries (eg, meniscus, cruciate). 


= A lateral parapatellar approach is more direct. 


= The surgeon should make sure the joint surface is reduced in type III fractures. 
# A prophylactic anterior compartment fasciotomy should be performed. 
= Smaller screw heads (4.5 mm) may lead to less complaints of screw head pain. 


POSTOPERATIVE MANAGEMENT 


=" Postoperatively, a cylinder cast for 4 weeks is commonly 
used, followed by progressive range of motion, or a knee 
immobilizer for 4 weeks, followed by range of motion. 

=" Postoperative immobilization depends on the fixation. 
Smaller bone fragments will likely require more immobiliza- 
tion than larger bone fragments, where greater fixation can be 
achieved. 


OUTCOMES 


=" Most of the published series have a small number of 
patients, due to the rare nature of this fracture. 

= All studies have been consistent in their conclusion that the 
fractures heal with success and patients return to normal func- 
tion. Growth abnormality has not been reported.**”*! >!" 


COMPLICATIONS 


=" Reported complications are few for the tibial tuberosity frac- 
ture. Screw prominence is the most common complication. '* 

=" Compartment syndrome has been reported.'”!? A prophy- 
lactic anterior compartment fasciotomy and close obser- 
vation and recognition may decrease the possibility of this 
complication. 

" Growth disturbance, such as a recurvatum from tibial tuber- 
cle arrest, is not much of a concern as this fracture occurs in 
adolescents near the end of growth. 

= Loss of motion or quadriceps muscle weakness is extremely 
rare but may occur with a malunion or malreduction.* 
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DEFINITION 


= Ankle fractures account for about 5% of all pediatric frac- 
tures and are second only to distal radius fractures as the most 
prevalent long-bone physeal fracture comprising approxi- 
mately 15% of these injuries.’ 
= As in most pediatric trauma, nonoperative management is 
the mainstay of treatment; however, surgical indications can 
be specific to the pediatric population. 
= Surgical treatment is mandated with any significant artic- 
ular incongruity as in the adult population. 
" It is our experience that physeal fractures of the distal 
tibia require near-anatomic alignment to prevent the com- 
plication of premature physeal closure.’’’ 
=" Classification of pediatric ankle fractures can be a practical 
tool for both the treatment and prognosis of these fractures. 
" The most common classification scheme for pediatric 
ankle fractures is the anatomic Salter-Harris method for 
physeal fractures. 
" We have found the Lauge-Hansen mechanistic classifica- 
tion derived for adults is very useful, as this aids in concep- 
tualizing the reduction technique by reversing the fracture 
pattern. Also, our data have shown that pronation-type in- 
juries have a higher rate of premature physeal closure than 
the supination—external rotation type of injuries.” 
" We also find this useful as most orthopaedic surgeons are 
familiar with this classification. 
= Additional classification systems include the fibular-based 
Danis-Weber system, as well as a more comprehensive clas- 
sification suggested by Dias and Tachdjian that uses the 
Lauge-Hansen guidelines correlated with the Salter-Harris 
classification.”** 
= Transitional fractures of the ankle occur near skeletal matu- 
rity and are due to the asymmetric closure of the distal tibial 
physis. 
" Triplane fracture is described as a complex Salter-Harris 
type IV fracture that consists of sagittal, transverse, and 
coronal components with an epiphyseal and metaphyseal 
fragment. 
" Tillaux fractures occur most often in adolescents within 1 
year of distal tibial physeal closure. They involve an exter- 
nal rotational force that avulses off the anterolateral aspect 
of the tibial epiphysis, which is attached to the anterior 
tibiofibular ligament, which is stronger than the residual 
open physis laterally. 


ANATOMY 


=" The ligaments of the ankle attach to the epiphyses, provide 
stability to the ankle mortise, can play a role in the pathome- 
chanics of transitional fractures as the growth plate closes (tri- 
plane and Tillaux fractures), and are often more stout than the 
growth plate about the ankle, leading children to sustain phy- 
seal fractures more readily than ankle sprains. 


y Bryan T. Leek and Scott J. Mubarak 


= = = : ee se ee 


" The anteroinferior tibiofibular ligament attaches strongly 
to the anterolateral border of the tibial epiphysis, and with an 
external rotation force on the foot it has the ability to avulse 
off the anterior lateral fragment of the tibial epiphysis; the 
strength imbalance between the ligament and weaker physis 
can create the transitional Tillaux and triplane fractures. 
= The anatomy of the distal tibial physis is relevant to under- 
standing certain ankle fractures and their management and 
prognosis. 
= The secondary ossific nucleus of the distal epiphysis ap- 
pears between 6 and 24 months, with the apophysis of the 
medial malleolus often extending from an elongation from 
this ossific nucleus or from a separate ossification center, the 
os subtibiale, which ossifies between 7 and 8 years of age. 
" The distal tibial physis is for the most part transverse; how- 
ever, there is an anterior medial undulation that consistently 
appears within the first 2 years of life that has been described 
by Kump (termed Kump’s bump). This central-medial loca- 
tion is where physiologic physeal closure begins (FIG 1). 
" Physeal closure of the distal tibia occurs around 15 years 
of age in girls and 17 years of age in boys. 
= Closure progresses from the central-medial location of 
Kump’s bump medially, then laterally from this location, 
over about 18 months. 
=" The anatomy about the physis also greatly influences ankle 
fractures in children. 
" The perichondral ring of La Croix is a transitional area 
between the articular cartilage and the periosteum of the di- 
aphysis, which is perichondrium and retains the potential 
for producing cartilage and bone. 
" Functionally, the perichondral ring provides stability to 
the physis and may play a role in certain fractures and 
growth plate injuries in children. 





FIG 1 © Kump’s bump. The arrow demonstrates the central- 
medial-located Kump’s bump, which is where physeal closure 
begins. We believe that damage to this structure may induce 
premature physeal closure. 
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" Also, this periosteum, rigidly attached to the perichondral 
ring, can become interposed in the fracture site and obstruct 
anatomic reduction. 


PATHOGENESIS 


=" The Lauge-Hansen classification system was developed in 
1950 to understand the injury mechanism by reproducing the 
fracture patterns in cadavers.* 
= This classification is a two-part classification, with the ini- 
tial portion describing the position of the foot at he time of 
injury (eg, supination, pronation) and the following portion 
describing the direction of the deforming force; the forces are 
either rotational (internal or external) or translational (abduc- 
tion or adduction). 
= ‘This system grades the severity of ankle injuries as I to IV in 
rotational patterns and I to II in translational patterns. 
= In our most recent series of 114 classifiable ankle fractures 
(Salter II) using the Lauge-Hansen system, supination—external 
rotation (SER) composed 66%, abduction 30%, pronation— 
external rotation 3%, and axial crush injuries 1%.’ 
= The activity that resulted in ankle fractures varied in our se- 
ries, with most occurring during falls and sports.” 
= SER fractures did not seem to have any specific activity that 
was more likely to produce premature physeal closure; how- 
ever, abduction injuries occurring with playing soccer or skate- 
boarding were much more likely to develop premature physeal 
closure when compared to other activities. 
=" Specific anatomy and growth plate closure patterns create 
certain fractures in adolescence. 
" For example, the same external rotation mechanism can 
produce a Tillaux or a triplane fracture depending on the 
age and degree of physeal closure of the child. 
" The last portion of the distal tibial physis to close is lat- 
eral. This is often an area of weakness in the skeletally ma- 
turing child, allowing an anterolateral fragment to be 
avulsed from the epiphysis, creating Tillaux fractures or the 
fragments in the triplane fracture. 


NATURAL HISTORY 


=" Premature physeal closure of the distal tibia has been histor- 
ically described as a rare sequela in physeal fractures, with an 
incidence as low as 2% to 5%." 
=" Our recent data demonstrate an overall 38% incidence of 
physeal arrest in Salter-Harris I and II fractures; however 
mechanism and treatment modality has been shown to affect 
this incidence.’ 
= SER injuries have a better prognosis for premature phy- 
seal closure, with a 38% overall incidence, as compared to 
abduction-type injuries, with a 52% overall incidence. 
" In SER-type injuries the rate of premature physeal closure 
in patients treated without surgery was 56%; the incidence 
rate was only 16% in those who were treated with open re- 
duction. 
" Abduction injuries had a relatively poor prognosis for 
premature physeal closure whether the intervention was 
closed treatment (54.5% closure rate) or open treatment 
(50% closure rate). 
" This difference in prognosis between SER and abduction 
injuries may be explained by the shearing force of Kump’s 
bump that may occur in abduction injuries, as opposed to 
less traumatic rotational force to this anatomic structure 
that occurs with SER injuries. 


= These data have relevance in operative indications in pedi- 
atric ankle fractures, as an earlier series demonstrated a 3.5- 
fold increase in the premature physeal closure rate if a gap of 
3 mm or more was present on the postreduction imaging of 
Salter-Harris type I and II fractures. 
= Our experience suggests that periosteum interposed in the 
physis leads to residual fracture gapping and ultimately pre- 
mature physeal closure. 
=" The orthopaedic surgeon should discuss the potential for 
premature physeal closure with the family at the initial visit, 
particularly with an abduction type of injury. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


" As in adult trauma, the initial evaluation of children’s ankle 
injury consists of eliciting the mechanism and timing of injury. 
= Basic examination should consist of evaluating the skin and 
soft tissues, finding areas of maximal tenderness to palpation, 
and obtaining an accurate sensory, motor, and vascular exam- 
ination. 
= Particular issues that must be considered in the diagnosis of 
ankle fractures in children include osteomyelitis and child 
abuse. 
" Osteomyelitis prevalence is 1 per 5000 children. It gener- 
ally occurs in the vascular loops of the metaphyseal regions 
of bone in children and can occur because of hematogenous 
spread or as a result of trauma, which can further compli- 
cate diagnosis. 
" A good history of the proximity of pain onset relative to the 
inciting trauma will help differentiate trauma from infection. 
= Metaphyseal fractures of the distal tibia in children can be 
concerning for child abuse, as the mechanism can be attrib- 
uted to forceful pulling or twisting of the extremity, fractur- 
ing the cancellous bone through the metaphysis. Additional 
concerns are bilateral extremity fractures and fractures at 
different stages of healing. 
= Visualization of the skin is critical in evaluation for poten- 
tial open injuries. The quality of skin can also affect the tim- 
ing of surgical fixation and give insight into the energy and lo- 
cation of injury. 
= Palpation of the ankle can assist in locating the injury and 
may allow diagnosis of occult physeal fractures or ligamentous 
injuries not seen on radiographs. 
= Establishing preoperative deficits is critical in their postop- 
erative management and aids in establishing the need to re- 
lease the extensor retinacular compartment. 
= In ankle injuries preoperative deficits can be due to nerve 
contusion or laceration, in addition to tendon disruption or 
mechanical block. This can affect the surgical approach. 
=" Vascular status is the key to the ultimate viability of the 
extremity. If deficits are found, the fracture should be immedi- 
ately reduced. If a deficit is still present after reduction, a vas- 
cular study may be considered versus immediate operative 
exploration to evaluate for transient spasm or vascular injury. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= If there is any suspicion of an ankle injury, a complete plain 

radiographic ankle series should be performed. This consists of 

anteroposterior (AP), lateral, and mortise views (FIG 2A-C), 
= The mortise view is critical and is taken from anterior to 
posterior with the foot internally rotated 20 degrees to view 
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the talus with a symmetric clear space seen medially and 
laterally. 
" The importance of the mortise view is seen in Tillaux frac- 
tures, where the anterior lateral fragment is often obscured 
by the overlap of the posterior fibula on the AP view and is 
not well visualized on the lateral view. 
=" We do not advocate stress radiographs in children; however, 
we will use a external rotation stress view intraoperatively to 
evaluate for syndesmosis injury if suspected in children near 
skeletal maturity. 
= Accessory ossicles can be commonly visualized on plain ra- 
diographs and may be confused with ankle fractures. 
" These include the os subtibiale medially (up to 20% of 
population), the os trigonum posteriorly (about 10% of 
population), and the os fibulare laterally (about 1% of pop- 
ulation). 
=" Contralateral comparison films may be helpful to differenti- 
ate accessory ossicles from a fracture. 
=" Computed tomography (CT) is required to fully understand 
many ankle fractures, and we often advocate three-dimensional 
postreduction CT scans (FIG 2D-G). 
" We advocate CT scans for intra-articular fractures that 
show any evidence of displacement on plain radiographs, 
and we routinely obtain three-dimensional CT scans for tri- 
plane and many Tillaux fractures after attempted closed 
reduction. 
" For any physeal fracture with apparent displacement in 
children with greater than 2 years of growth remaining, we 
advocate CT scanning of the ankle to evaluate for displace- 
ment, as we recommend operative treatment for trapped pe- 
riosteum with greater than 2 mm of displacement. 
= At time of injury for Salter-Harris type I, II, and triplane 
fractures of the distal tibia, we also obtain plain radiographs, 
with an AP view of the left hand to establish bone age and AP 
and lateral views of the contralateral ankle for a baseline for 
physeal maturity and physeal comparison. 


FIG 2 « Triplane fracture imaging. All ankle fractures require 
a plain radiographic series comprising AP (A), lateral (B), and 
mortise views (C). D-G. Three-dimensional CT reconstructions 
can aid in operative planning, especially for the difficult-to- 
visualize intra-articular fractures. 


DIFFERENTIAL DIAGNOSIS 


Ankle sprain 

Accessory ossicle 

Osteochondral lesion (osteochondritis dissecans) 
Contusion 

Osteomyelitis 


NONOPERATIVE MANAGEMENT 


=" Our clinical pathway for surgery advocates all closed ankle 
fractures have an attempt of closed reduction under conscious 
sedation in the emergency department. 

=" Reductions generally take place in our emergency depart- 
ment with the use of ketamine for conscious sedation and the 
aid of a portable image intensifier. 

=" Reduction maneuvers should reverse the established mecha- 
nism of injury derived from patient history and fracture pat- 
tern, such as the Quigley maneuver for the abduction—-external 
rotation type of fractures. 

= All our children are placed in fiberglass casts that are ini- 
tially univalved with plastic spacers inserted in the cast to ac- 
commodate for swelling (FIG 3). 

=" In children with a high-energy mechanism or with any neu- 
rovascular change that has not improved after reduction, ad- 
mission for serial neurovascular checks to monitor for com- 
partment syndrome is recommended. 

=" For Salter-Harris type I, II, and triplane fractures, if a 
near-anatomic reduction is obtained with 2 mm or less of 
residual displacement, we will proceed to a long-leg cast and 
non-weight bearing for 4 weeks with periodic radiographs, 
with the frequency depending on the stability of the fracture 
pattern. 

= To assess residual displacement in both the physis and artic- 
ular surface, CT scan provides more accurate anatomic assess- 
ment, and we routinely perform plain radiographs and CT 
scans after reduction. 
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FIG 3 e Postreduction casting. Long-leg fiberglass cast after 
reduction of distal tibial physeal fracture is univalved, spacers are 
later placed, and the cast is overwrapped with waterproof tape. 


=" For physeal fractures that do not attain this reduction tol- 
erance, we advocate closed reduction under general anesthe- 
sia. If we do not meet our less-than-2-mm-displacement tol- 
erance, we proceed to perform open reduction and internal 
fixation in children with more than 2 years of growth 
remaining. 

=" In children close to skeletal maturity, we will accept a less 
anatomic reduction of the physis, but not the joint. 

=" For children with any residual intra-articular irregularity, 
we will generally obtain a CT scan, and if we feel we can im- 
prove on the anatomic alignment, we will proceed with open 
reduction and internal fixation. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= A repeat attempt at closed reduction may be made in the op- 
erating room under general anesthesia in many ankle fractures 
to see if the fracture would be amenable to closed reduction 
and casting, or closed reduction and percutaneous pinning. 
=" CT scanning with three-dimensional reconstructions now 
allows the surgeon to truly understand ankle fracture 
pathoanatomy beyond our previous abilities. We feel these 
studies are essential in preoperative planning in many complex 
ankle fractures, especially triplane fractures. 
" Evaluation of the CT scan allows understanding of the 
complex configuration of these fractures and ultimately al- 
lows the planning for lag screw placement in relation to the 
fracture planes. 
= As mentioned previously, CT scans are also important in 
assessment of the need for open reduction of the fracture 
due to gapping of the growth plate. 


=" For the most part, in children with open growth plates, 
transphyseal fixation should involve only smooth Kirschner 
wires; screws may be used, positioned parallel to the physis. 
Positioning 
=" Almost all ankle fractures can be addressed in the supine 
position. 
= If lateral ankle exposure is necessary, a bump can be placed 
underneath the operative hip to improve lateral visualization. 
= The image intensifier is positioned with the screen at the 
foot of the table angled toward the surgeon on the operative 
side, while the C-arm should come in directly from the oppo- 
site side of the operative ankle. 
=" The operative leg can be elevated with blankets or a foam 
pad to allow a pull-through lateral view unobstructed by the 
contralateral extremity. 
=" Nonsterile tourniquets are applied as proximal as possible 
before sterile draping. 


Approach 


= The anterior approach involves an incision of about 8 to 
10 cm over the distal tibia. 
" The superficial peroneal nerve lies over the ankle retinac- 
ulum at this level and should be avoided. 
" The superior extensor retinaculum is incised at the inter- 
val between the extensor digitorum longus and the extensor 
hallucis longus. 
" Care is taken not to injure the neurovascular bundle con- 
sisting of the deep peroneal nerve and anterior tibial artery, 
which lies in this interval. 
=" The posteromedial approach to the ankle consists of an in- 
cision about 8 to 10 cm roughly midway between the medial 
malleolus on the medial border of the Achilles tendon. 
= The deep fascial layers are incised longitudinally to ex- 
pose the flexor tendons posterior to the ankle. At this level 
the flexor hallucis longus is the only muscle that still has 
muscle fibers. 
= Dissection is carried out along the lateral border of the 
flexor hallucis longus, which will still have identifiable mus- 
cle fibers at the level of the ankle, and the ankle is exposed 
as the flexor hallucis longus is retracted medially. 
" Care must be taken because the neurovascular bundle is 
just medial to the flexor hallucis longus; the tibial nerve is 
relatively large in young children compared to the tendon of 
the flexor digitorum longus. 
= The lateral approach involves an incision over the posterior 
margin of the fibula toward the distal end centered about the 
fracture site. 
= The short saphenous vein and the sural nerve run just pos- 
terior and inferior to the distal portion of the lateral malleolus. 
=" The medial approach can be centered more anterior or pos- 
terior depending on the location of the medial malleolar frac- 
ture and the need to visualize the posterior tibia. 
" The incisions for these approaches should be centered over 
the malleolus longitudinally but should not be over the most 
prominent portion of the malleolus to prevent irritation. 
= Anterior to the medial malleolus run the long saphenous 
vein and the saphenous nerve, which should be preserved. 
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SALTER-HARRIS TYPE I AND II DISTAL TIBIA FRACTURES 


A standard anterior approach for the SER fractures is 

used as described above. 

For a medially gapped Salter Harris type II abduction in- 

jury, a medial approach is used (TECH FIG 1). 

= The approach can be made slightly more medial or lat- 
eral depending on the location of the fracture. 

The fracture and growth plate should be identified and 

defined. 

=" The fracture will most always be associated with a 
fracture hematoma. 

= The growth plate and perichondral ring should be 
identified and protected. 

The physis has an identifiable white cartilaginous 
appearance. 

= Two Hohmann-type retractors can be placed around 
the distal tibia to allow for exposure. 

Once exposure is obtained the interposed periosteum can 

be removed by using a Freer elevator to carefully sweep 

this periosteum out of the physis. 

™ Care should be taken to preserve the periosteum, as it 
provides blood flow to aid in fracture healing and can 
be intimately associated with the perichondral ring. 





The periosteum, however, may be carefully incised 
and radially cut to obtain adequate reduction. 
It is our experience in children that if necessary the 
periosteum can be sacrificed for anatomic reduc- 
tion, as nonunion and infection are much less of a 
problem in this population than premature phy- 
seal closure. 
= The perichondral ring should be protected as much as 
possible. 
At this point, under direct visualization, the reduction is 
achieved and manually held in place. 
= Once the periosteum is atraumatically removed from 
the fracture site and physis, the reduction should be 
obtained without much difficulty and should be rela- 
tively stable. 
Many Salter type II fractures can be successfully stabilized 
with two 0.062-inch smooth Kirschner wires. 
= The wires are placed from distal to proximal, from the 
anteromedial malleolus and from the anterolateral 
corner of the tibial epiphysis (TECH FIG 2). 





TECH FIG 1 ¢ Surgical approach to a medially gapped fracture. A. This AP radiograph demonstrates a me- 
dially gapped Salter-Harris type II abduction-type fracture. B. A medial approach is used to obtain open re- 
duction of this fracture. C. This operative photograph highlights the periosteum interposed in the physeal 
fracture, which was extracted to obtain anatomic reduction and prevent medial gapping. 





TECH FIG 2 e« Treatment of Salter-Harris type II supination—external rotation (SER) type of fracture with interposed periosteum. 
A,B. Radiographs demonstrate a Salter-Harris type II SER type of fracture gapped anteriorly. C. Periosteum (shown in red) is often 
interposed anteriorly in SER-type Salter-Harris Il fractures, which prevents closed reduction. D. This periosteum must be carefully ex- 
tracted from the physeal fracture to obtain anatomic reduction and decrease the chance of premature physeal closure. (continued) 
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TECH FIG 2 e (continued) E,F. Open reduction was obtained after failed closed reduction due to in- 
terposed periosteum in the physeal fracture. Then the fracture was stabilized with two crossed 
Kirschner wires placed percutaneously. G,H. At 1 year postoperatively the distal tibial physis appears 
open. The red arrows mark the Harris growth line, which is parallel with the physis, demonstrating 
symmetric growth after injury. This further supports that the tibial physis is open. 


= The entry point of the percutaneous pins must be "™= Occasionally there may be large metaphyseal fragments 


placed distally enough through the skin to enter the that may be more appropriately stabilized with one or 
bone at the appropriate starting point. two lagged cancellous bone screws. 
= On insertion, the Kirschner wires can be directly visu- = These screws should be placed proximal to the physis 
alized through the open incision at their appropriate and perpendicular to the fracture site. 
entry point into bone. = Cannulated screws can be used, based on the surgeon's 
preference. 


TILLAUX FRACTURES: SALTER-HARRIS TYPE IIl FRACTURES 


An anterolateral approach to the ankle is used. =™ Crossing the physis is not contraindicated in this fracture 
This fracture can be fixed by a distal-to-proximal, and an- pattern because by definition the medial physis is closed 
terior-to-posterior, compressive interfragmentary cancel- and complete physeal closure is imminent. 


lous screw (TECH FIG 3). 
= Again, cannulated screw fixation may be used if the sur- 
geon prefers it to the use of noncannulated screws. 





TECH FIG 3 « Tillaux fracture treatment. A,B. Tillaux fractures are often 
not seen clearly on plain radiographic views, and it is important to ob- 
tain a mortise view to see the fracture fragment that is obstructed by 
the fibula in standard AP views. C,D. CT scans often aid in fracture char- 
acterization and operative planning. E,F. These fractures are fixed with 
compressive interfragmentary cancellous screws across the fracture site, 
without concern for transphyseal fixation as these patients are always 
close to skeletal maturity. 
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MEDIAL MALLEOLAR FRACTURES: SALTER-HARRIS TYPE Iil 
AND IV FRACTURES 


If there is only a small metaphyseal fragment, these frac- 

tures may be fixed with 4.0-mm cancellous bone screws 

or Kirschner wires completely within the epiphysis and 

parallel to the physis and joint (TECH FIG 4). 

=" These fractures can be treated percutaneously if 
anatomic reduction can be attained by closed treat- 
ment; however, a small incision can easily allow direct 
visualization of the reduction. 





TECH FIG 4 e Medial malleolar fracture fixation with an epi- 
physeal screw. If there is only a small metaphyseal fragment, 
medial malleolar fractures can be fixed with compressive 
screws placed within the epiphysis, parallel to the physis. 
Cannulated screws can be used to help ensure the physis is 
not compromised. 


If a larger metaphyseal fragment is present, another 

metaphyseal screw can be placed parallel to the physis in 

addition to the epiphyseal screw. 

If the patient is skeletally immature and the fracture is 

not amenable to intraepiphyseal fixation, Kirschner 

wires may be placed across the fracture site and physis 

for stability of the fracture and later removed. 

=" This method can also be used if there is a small avul- 
sion fragment off the medial malleolus. 

If the patient is near skeletal maturity, these fractures can 

be treated as in adults with two partially threaded cannu- 

lated screws placed perpendicular to the fracture site. 

= Alternatively, in this population near maturity, com- 
pression across the fracture and apophysis can be ob- 
tained with two Kirschner wires compressed by means 
of a tension band wire loop. 

In certain cases it has been advocated to excise and discard 

the metaphyseal fragment to allow improved visualiza- 

tion of the physis and prevent bony bridging in this area. 

However, we do not advocate this form of treatment. 

= We do not advocate this approach as our goal is to ul- 
timately restore anatomic alignment. 

=" If it is necessary to remove this bony fragment, we 
will subsequently replace it after anatomic alignment 
is restored and the physis is atraumatically cleared of 
any mechanical blockages. 


TRIPLANE FRACTURES: SALTER-HARRIS TYPE IV FRACTURES 


Triplane fractures are typically geometrically complicated 
fractures that, as mentioned above, are transitional frac- 
tures that involve the distal tibial physis at the time of its 
asymmetric closure during the early teenage years. 

Because these fractures are typically quite complex, we 
advocate CT scans with three-dimensional reconstruction 
for visualization and surgical planning (see Fig 2). 


The surgical approach depends on the complexity of the 
fracture: these fractures can be two-, three-, or four-part 
fractures (TECH FIG 5A-C). 

Growth plate disturbance is not typically a problem owing 
to the proximity to skeletal maturity in these patients. 
Anatomic alignment of the articular fracture at the joint 
surface is important in the outcomes of these patients. 





TECH FIG 5 « Triplane fractures can be two-part (A), three-part (B), or four-part (C) fractures, but all 
involve an intra-articular epiphyseal component in addition to a metaphyseal component, making 
them Salter-Harris type IV fractures. (continued) 


115 








116 


Section | TRAUMA 


a 


Two-part and sometimes three-part fractures can be 

anatomically reduced and fixed through an isolated an- 

terolateral approach. 

Generally lag screws need to be placed at the level of both 

the epiphysis and metaphysis, and it is often most practi- 

cal to employ a two-incision approach to obtain reduction 

and better access to fracture fixation (TECH FIG 5D). 

= The anterior incision is used to obtain lag fixation of 
the metaphyseal fragment, often in the coronal 
plane, and to visualize the joint surface. 


FIBULAR FRACTURE FIXATION 


Distal fibula fractures in patients who are skeletally im- 
mature may be treated with a large-diameter smooth 
Kirschner wire as intramedullary fixation from a distal 
entry point at the tip of the lateral malleolus in a retro- 
grade fashion. 
= The starting point should be at the distal tip of the 
lateral malleolus. 
Distal fibula fractures in skeletally immature patients 
may also be cross-pinned if the fracture pattern allows. 
For patients close to skeletal maturity, interfragmentary 
fixation can be used with or without a one-third tubular 
plate just as in a skeletally mature patient. 


ALTERNATIVE TECHNIQUES 


External fixation may be a useful tool in grossly contam- 

inated fractures or fractures with significant soft tissue 

compromise, such as a lawnmower injury. 

=" The goals of the external fixator are to maintain 
length and to ensure there is no pressure on the soft 
tissues from bone fragments, while the soft tissues 
recover. 

= External fixators can be used as temporizing devices 
or definitive treatment. 





TECH FIG 5 e (continued) D,E. In 
complex triplane fractures, screws 
often need to be placed both at the 
level of the epiphysis and the meta- 
physis, as dictated by the specific 
fracture pattern. 


= The medial incision allows application of the epiphy- 
seal screw. 

=" Both incisions will allow direct visualization of the 
fracture reduction. 

If the fibula is significantly fractured and shortened it is 

important to either anatomically reduce or reduce and 

internally fix the fibula to obtain an appropriate tem- 

plate for the anatomic length of the ankle mortise. 


Metaphyseal Distal Tibial Fractures 


Mercer Rang has given metaphyseal distal tibial fractures 
in children the eponym of Gillespie fractures. 

Often these fractures need to be reduced in some equinus 
to allow for anatomic alignment and prevent recurvatum. 
Generally, metaphyseal distal tibial fractures that have 
failed closed management can be treated with cross-pin- 
ning using smooth Kirschner wires. 

Some metaphyseal fractures may be amenable to flexible 
intramedullary nailing in an anterograde fashion if they 
are not too distally located. 


= There are no pediatric-specific rules for external fixa- 
tor application other than to avoid physeal damage 
by crossing the growth plate. 

=" Large, medium, or even small external fixator sets 
may need to be available depending on the size of 
the child. 

Syndesmosis injuries generally occur in the pediatric pop- 

ulation only at or near the time of skeletal maturity; thus, 

these injuries can generally be treated like adult injuries. 
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PEARLS AND PITFALLS 


Use of CT scans = We advocate regularly obtaining postreduction CT scans to evaluate physeal gap as well as joint space con- 
gruity; many plain radiographs may be misleading in assessing how anatomic a reduction may be. 





Superior extensor = Patients presenting with severe ankle pain and swelling, hypoesthesia or anesthesia in the first dorsal web 
retinaculum space, weakness of the extensor hallucis longus and extensor digitorum communis, and pain on passive 
syndrome flexion of the great toe (FIG 4) should be evaluated for superior extensor retinaculum syndrome with pressure 


measurement and should likely have a release of their superior extensor retinaculum to prevent ischemic 
changes. Untreated, the natural history of this syndrome involves a residual sensory deficit in the first dorsal 
web space and contracture of the extensor hallucis longus and extensor digitorum brevis.? 


Premature physeal = To attempt to mitigate this complication we have developed an algorithm: 
closure ®™ Nondisplaced fractures (less than 2 mm) are casted. 
= Displaced fractures undergo closed reduction under general anesthesia or conscious sedation, then casting 
for 3 to 6 weeks if displacement is successfully reduced to less than 2 mm. 
® If still displaced more than 4 mm, open reduction and internal fixation is undertaken. 
# If displacement is 2 to 4 mm with less than 2 years of growth remaining, casting is undertaken. 
= If the displacement is 2 to 4 mm and the patient has at least 2 years of growth left (girls under 12 years old 
and boys under 14), the surgeon's preference of open reduction and internal fixation or casting is done. 
= In addition to prereduction and postreduction ankle radiographs, to direct this algorithm we routinely obtain 
contralateral ankle radiographs and left-hand bone age films and, if there are any questions about fracture 
displacement, a postreduction CT scan. 
® Additionally, we follow up with patients with growth plate fractures at regular intervals until skeletal maturity. 


Abduction injuries = Abduction-type injuries carry a worse prognosis, leading to premature physeal arrest in spite of treatment 
versus SER-type (open reduction versus closed treatment), whereas the prognosis for SER injuries involving the growth plate 
injuries can be greatly improved by anatomic reduction. These issues should be discussed with the family preoperatively. 
Postoperative = For follow-up after physeal injuries we routinely obtain baseline radiographs of the contralateral 

follow-up ankle, and an AP view of the left hand for establishing bone age. After initial fracture management follow- 


up is maintained at 6-month intervals and should include bilateral ankle radiographs. 

= Alignment of both the child’s ankles should be assessed while weight bearing, as malalignment can be a 
sequela of premature physeal closure. If closure is noted, early physeal assessment with CT scans is necessary 
to prevent ankle deformity and leg-length discrepancy. 
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POSTOPERATIVE CARE 


= Treatment after surgical fixation generally consists of immo- 
bilization with a short-leg cast applied in the operating room, 
and the patient is kept non-weight bearing for 4 weeks. 
=" We univalve our fiberglass casts and place plastic spacers 
taped in with waterproof tape to accommodate for swelling, 
with the patient returning in 1 week for removal of spacers 
and cast overwrap and tightening with fiberglass (see Fig 3). 
=" Four weeks postoperatively the cast is changed to a weight- 
bearing cast and the child is allowed to be weight bearing as 
tolerated for 2 or 3 more weeks with a cast shoe. 
=" With percutaneous pin fixation we use 0.062-inch Kirschner 
wires left through the skin, which are removed at the 4-week 
cast change. 
= Physical therapy is rarely needed for range of motion in the 
preadolescent population as daily activity with walking often 
suffices to restore function. Occasionally adolescents may ben- 
efit from physical therapy for range of motion and propriocep- 
tive conditioning. 
=" We advocate follow-up for at least 1 year, at 3, 6, and 12 
months, then every 6 months until skeletal maturity for children 
with physeal injuries to monitor for premature physeal closure. 
" At these follow-up visits plain radiographs should include 
images of the affected ankle as well as AP and lateral views 
of the contralateral ankle. 


OUTCOMES 


" As in most children’s fractures, children with ankle fractures 
generally fare well. 
=" Data on long-term follow-up are sparse. However, data for 
intra-articular triplane fractures have shown the importance of 
anatomic alignment of less than 2 mm of displacement after 
treatment. 
= Ertl and coworkers’? demonstrated with a follow-up of 
18 to 36 months that “residual displacement of two mil- 
limeters or more after reduction was associated with a less 
than optimum result unless the epiphyseal fracture was out- 
side the primary weight-bearing area of the ankle.” 
" Rapariz and colleagues,° with a mean follow-up of 
5 years, found that “prognosis is surprisingly good” and 
that “only when adequate reduction (<2 mm displacement) 
has not been achieved can degenerative changes be seen at 
long-term follow-up (>5 years).” 
" Rapariz and colleagues found good functional results 
ubiquitously, but as in the study by Ertl and associates, the 
follow-up was shorter than the time that likely could predict 
the long-term sequela of posttraumatic arthritis. 
" Both these studies stressed the need to obtain CT scans to 
define and characterize the fracture and the degree of dis- 
placement, as well as advocating a trial of closed reduction 
to obtain adequate reduction. 


COMPLICATIONS 


=" Premature physeal closure, as mentioned above, can lead to 
limb-length discrepancies and malalignment, which in younger 
children with continued growth potential can be symptomatic 
and may need to be addressed surgically.'*” 


=" Reflex sympathetic dystrophy or complex regional pain syn- 
drome is a chronic pain syndrome that can develop after these 
ankle injuries. 
= It is characterized by pain out of proportion that per- 
sists beyond a typical recovery timeframe and may also 
entail swelling, skin color changes, and limited range of 
motion. 
" Treatment can include medications, therapy, psychologi- 
cal counseling, and sympathetic nerve blocks; in extreme 
cases sympathectomy or implantation of a dorsal column 
stimulator has been proposed. 
= Arthrofibrosis is a normal sequela from joint injury or pro- 
longed immobilization. Generally, in the pediatric population, 
interventions such as physical therapy or manipulation under 
anesthesia are not necessary. 
=" Superior extensor retinaculum syndrome, as described 
above, can lead to residual numbness in the great toe web 
space and persistent pain and weakness in the toe extensors.” 
=" Acute compartment syndrome that is untreated can lead to 
permanent neuromuscular damage, including weakness or al- 
tered sensibilities. 
=" Malunion of fractures can occur with operative or nonoper- 
ative treatment or can be a secondary consequence of prema- 
ture physeal closure. 
=" QOsteochondral injury in ankle fractures can ultimately lead 
to symptomatic posttraumatic osteoarthritis, and studies have 
demonstrated that anatomic reduction is important to prevent 
this complication. 
= If significant chondral injury does occur in the young pa- 
tient population, drilling for focal posttraumatic osteochon- 
dritis dissecans lesions can be successful. In extreme cases 
with osteochondral damage, osteochondral allografting can 
be attempted. 
=" Complications with casts are inherent when they are used to 
treat fractures. 
" These complications include cast ulceration from poorly 
fitted or padded casts. Casts applied too tightly or not ap- 
propriately split can lead to acute compartment syndrome. 
Removal of casts can lead to cast saw burns, which can per- 
manently scar children’s skin. 
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Panner’s Disease and 


Osteochondritis Dissecans 


Theodore J. Ganley, Gilbert Chan, Aaron B. Heath, and 
J. Todd R. Lawrence 


DEFINITION 
Panner’s Disease 


= A term often used synonymously with osteochondritis disse- 
cans (OCD) of the capitellum, Panner’s disease is a condition 
in which there is diminished blood supply to the developing 
ossific nucleus within the distal humerus chondral epiphysis in 
preadolescents.” 

=" Those affected are typically 6 to 10 years old, and symptoms 
usually respond to a reduction of the offending repetitive 
microtrauma.’ 


Osteochondritis Dissecans of the Capitellum 


= This term is used to describe the condition of compromised 
subchondral bone in the capitellum of adolescents, which can 
lead to secondary articular surface separation.° 

=" OCD of the capitellum is most commonly seen in children 
ages 10 to 17, particularly those who engage in overhead 
throwing sports and activities in which the elbow serves as a 
load-bearing joint. 


ANATOMY 


= The three articulations in the elbow are the ulnohumeral 
joint, the radiocapitellar joint, and the proximal radioulnar 
joint. 

=" The ulnohumeral joint is a hinge joint that allows for flex- 
ion and extension of the elbow, while the radiocapitellar and 
radioulnar joints are trochoid joints that allow for axial rota- 
tion and pivoting of the elbow. 

= The capitellum articulates with the rim of the radial head 
throughout flexion-extension and pronation-supination. 

=" Secondary ossification centers are involved in the formation 
of the distal humerus, proximal radius, and ulna. The ossifica- 
tion center of the capitellum appears at 18 months and com- 
pletely fuses by age 14. 

=" Descending extraosseous branches of the brachial artery 
supply the capitellum. Chondral vessels supply the osseous nu- 
cleus, which in turn supplies the chondroepiphysis. 


PATHOGENESIS 


= It is theorized that both Panner’s disease and OCD of the 
capitellum result from abnormal valgus forces exerted across 
the radiocapitellar joint.*77"1° 

=" The result of this abnormal stress on the radiocapitellar 
joint may depend on the age of the patient, with those exposed 
to the stress at a younger age (6 to 10 years) developing 
Panner’s disease and those exposed to the stress at a later age 
(10 to 17 years) developing OCD of the capitellum. 

= The development of the lesions also depends on the limited 
blood supply of the capitellum, which allows for limited repair 
potential. 


NATURAL HISTORY 


=" With activity restriction, reossification and resolution of 
symptoms typically occur in Panner’s disease.” 

=" The natural history of OCD is articular surface separation 
for patients who do restrict their activities. Even with activity 
modification and brief periods of immobilization, elbow OCD 
lesions will progress in most patients treated nonoperatively. 
= Initially, radiographs show irregularity and fragmentation 
of the capitellum. Erosion, lysis, and sclerosis may be observed 
in later stages. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Early stages 
" Patients have full motion but complain of vague aching 
discomfort during throwing and load-bearing activities as 
well as swelling at the lateral elbow. They typically have full 
range of motion. 
= Synovitis: occasional mild palpable effusion 
= Later stages: Patients complain of mechanical symptoms, in- 
cluding locking and catching and limited flexion and extension; 
palpable synovial thickening and an effusion may also be found. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" High-quality, standard anteroposterior (AP) and lateral ra- 
diographs of the elbow are needed to evaluate both conditions. 
In Panner’s disease the size of the ossific nucleus and the de- 
gree of radiolucency can be determined from the radiographs. 
In OCD lesions, subchondral lysis or cystic changes may be 
seen on radiographs (FIG 1A). 

= MRI findings in OCD may reveal bone edema, synovitis, 
and loose bodies, as well as subchondral and cartilage separa- 
tion (FIG 1B). 


DIFFERENTIAL DIAGNOSIS 


®" Familial OCD 

=" Hemophilia and variants 

= Multiple epiphyseal dysplasia 

=" Autoimmune vasculitis 

= Steroid-induced avascular necrosis 


NONOPERATIVE MANAGEMENT 


= Treatment for Panner’s disease consists of: 

= Sling for several weeks 

" Cessation of all offending activity 

" Range-of-motion exercises 
=" Nonoperative treatment of OCD is reserved for cases in which 
the cartilage is intact. Nonoperative treatment consists of: 

= Rest until symptoms resolve 
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FIG 1° A. AP radiograph of the elbow showing a large osteo- 
chondral lesion of the capitellum. B. MRI image showing an os- 
teochondritis dissecans lesion of the capitellum. 


" Range-of-motion exercises 
" Follow-up radiographs through resorption and reconstitu- 
tion phases prior to resumption of sport-specific exercises. 


SURGICAL MANAGEMENT 


=" Surgical management is largely dependent on the character 
of the lytic lesion and the presence or absence of symptoms. 
=" Cartilage intact but persistent pain and swelling 

= Arthroscopic evaluation, search for loose bodies 

= Consider drilling of lesion to stimulate subchondral bone 


healing. 


Preoperative Planning 


= All imaging studies obtained before surgery should be re- 
viewed. An MRI may be helpful to determine the extent of the 
lesion and the location and size of chondral or small osteo- 
chondral loose bodies in the joint. 


ARTHROSCOPIC TREATMENT 


The patient is positioned, prepared, and draped in a lat- 
eral decubitus position as previously described. 

After the landmarks in the elbow are drawn with a mark- 
ing pen and the tourniquet is inflated, 15 to 25 mL of 
sterile saline is injected into the joint, depending on the 
size of the patient. 

A smaller set of instruments (2.9 mm) is used (TECH 
FIG 1A). 

The arthroscopic portals are identified (TECH FIG 1B). 


=" A thorough physical examination should be performed 
under anesthesia to note range of motion and appropriate or 
pathologic degrees of laxity. 

Positioning 

=" The patient is adequately padded and placed in the lateral 
decubitus position. 

= The involved elbow is placed over a padded bump that 
places the elbow in 90 degrees of flexion. 

= The extremity is then properly prepared and draped in a 
standard manner. 


=" The landmarks over the elbow are marked with a marking 
pen (FIG 2). 


Approach 


=" Arthroscopy-assisted mini-arthrotomy (Children’s Hospital 
of Philadelphia approach) is used for large to massive loose 
bodies and osteochondral defects. 

= After the patient is positioned, prepared, and properly 
draped and the anatomic landmarks are identified, a 3- to 5- 
cm incision is carried over the capitellum. If during the course 
of arthroscopy a larger incision is required, then the superior 
and inferior arthroscopy portals can be incorporated into an 
incision of 1.5 cm. Deep dissection can be in the plane of the 
anconeus-—extensor carpi ulnaris approach. 

= The incision is carried down to the fascia, and the plane be- 
tween the anconeus and the extensor carpi ulnaris is identified 
and entered. 

= The joint capsule is incised to allow adequate visualization 
of the lesion. 

= A 30-degree arthroscope is then inserted and used to view the 
joint surface (TECH FIG 3B). The arthroscope is placed on the 
outer border of the radiocapitellar joint and angled to allow a 
complete view of the capitellum and radiocapitellar interval. 





FIG 2 © The patient is positioned in the lateral decubitus posi- 
tion with the elbow in 90 degrees of flexion. The landmarks, 

including the path of the ulnar nerve located posterior to the 
medial epicondyle (black arrow) as well as the radiocapitellar 
interval (white arrow), are identified with a marking pen. 





= An incision is made using a no. 15 blade at a position 
that is equidistant from the lateral epicondyle, radial 
head, and capitellum. 

= The arthroscope is inserted and a careful and thorough 
inspection of the elbow is performed (TECH FIG 1C,D). 

= The lesion is identified, along with any concomitant in- 
juries to the elbow (TECH FIG 1E). 

= Aportal 1 cm superior to the initial portal is made for in- 
sertion of graspers and shavers. 
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TECH FIG 1 ¢ A. Asmaller set of instrumen- 
tation is used. B. The arthroscopic portals 
are identified. C,D. The arthroscope is 
placed through the lateral portal, and a nee- 
dle can be used as both an outflow portal 
(arrow in C) and as an instrument to secure 
loose bodies to prevent them from migrat- 
ing (arrow in D). E. The osteochondral de- 
fect of the capitellum (above) is identified 
along with the radial head (below). 





= Definitive management depends on the intraoperative " After satisfactory bleeding is obtained, final inspection 


findings. of the area is performed and the arthroscope is removed 
and the wounds are closed using no. 4-0 Monocryl sub- 
Cartilage Intact cuticular sutures, followed by Steri-Strips. 
= Drilling of the lesion is performed to stimulate healing. ™ A Sterile dressing and a posterior splint are applied. 


=  A0.62 or 0.45 Kirschner wire is used to drill into the sub- g 
chondral bone. Drilling is performed as perpendicular to Cartilage Fractured 
the capitellum as possible, in a distal-to-proximal direc- ™ After thorough inspection of the joint is performed, any 
tion. The Kirschner wire may be placed through the infe- loose bodies found within the joint are removed (TECH 
rior portal or via an inferior percutaneous approach. FIG 2A,B). 





TECH FIG 2 ¢ A,B. Loose bodies within the joint are identified and removed. C-E. Débridement of the defect is performed 
until a stable chondral rim is noted. F,G. Drilling is performed with a 0.62 Kirschner wire. At times it is helpful to place the wire 
percutaneously and flex the elbow to ensure that it is always placed perpendicular to the surface of the capitellum. Care is 
taken to use a posterior starting point to avoid the posterior interosseous nerve. 
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The defect is identified and curettage of the defect is 
performed to remove all granulation tissue and to 
ensure that a stable rim of cartilage exists circumferen- 
tially (TECH FIG 2C-E). 

The underlying sclerotic bone is exposed. 

Drilling of the lesion is performed using a 0.62 or 0.45 
Kirschner wire. Drilling is performed as perpendicular to 


the capitellum as possible, in a distal-to-proximal direc- 
tion (TECH FIG 2F,G). 

Final inspection of the area is performed and the 
arthroscope is removed and the wounds are closed 
using no. 4-0 Monocryl subcuticular sutures, followed 
by Steri-Strips. 

A sterile dressing and a posterior splint are applied. 


ARTHROSCOPIC-ASSISTED MINI-ARTHROTOMY 











The patient is properly positioned, prepared, and draped 
as previously described. 

The mini-arthrotomy approach is carried through the 
plane of the anconeus and extensor carpi ulnaris. The 
capsule is incised to access the lesion (TECH FIG 3A).’ 

A 30-degree arthroscope is inserted through the arthro- 
tomy site to view and assess the entire lesion (TECH 
FIG 3B,C). 

The arthroscope can be used to assess the portions of the 
capitellum not clearly visualized through the arthrotomy 
site, much like a dental mirror. 


grafts. 


PEARLS AND PITFALLS 


Surgical technique 


devascularizing the capitellum. 


Drilling of the lesion 


Once the entire lesion is visualized and assessed, removal 
of any loose bodies is performed with débridement and 
drilling of the lesion with Kirschner wires as described in 
the arthroscopic technique. For massive or uncontained 
lesions, osteochondral grafting can be performed (TECH 
FIG 3D). 

Final inspection of the area is performed and the arthro- 
scope is removed. 

The capsule is repaired. A layer-by-layer closure is then 
performed (TECH FIG 3D). 

A sterile dressing is applied and a posterior splint are 
applied. 


TECH FIG 3 « A. For massive lesions and loose bodies, a mini-arthrotomy can be per- 
formed through the plane of the anconeus and extensor carpi ulnaris. B,C. A 30-de- 
gree arthroscope is inserted and the lesion is identified. When a mini-arthrotomy is 
performed, the arthroscope can be used like a dental mirror to enhance visualization 
and minimize the need for extensive open dissection. D. Arthroscopic image of the 
elbow demonstrating an uncontained lesion treated with multiple osteochondral 





=# When performing the mini-arthrotomy, posterior dissection of the capitellum is avoided to prevent 


= When drilling the lesion, the Kirschner wires should be maintained as perpendicular to the capitellum as 


possible. They may be inserted through the inferior portal or through a separate inferior percutaneous 
portal. Care should be taken to avoid neurovascular injury. 


Arthroscopic technique 


= The bony landmarks and the location of the ulnar nerve are drawn carefully before the procedure to 


avoid inadvertent neurovascular injury. Draping the hand free also allows for more flexibility in the 


procedure. 
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POSTOPERATIVE CARE 


=" For full-thickness defects, immediate continuous passive 
motion and physical therapy are started for 6 weeks. 

= After 6 weeks, a gradual return to activity is instituted. 
Strengthening and range of motion are still the main goals of 
therapy. Axial loading, impact loading, and throwing are pro- 
hibited for up to 6 months. 


OUTCOMES 


= Panner’s disease 
= Full recovery is expected in 12 to 18 months, but long- 
term noncompliance can result in lesion progression. 

=" OCD of the capitellum 
" Ruch and coworkers® reported on 12 patients treated for 
OCD of the capitellum by arthroscopic débridement; 11 of 
them were highly satisfied. The average age was 14.5 years 
and the average follow-up was 3.2 years. Clinical presenta- 
tion showed a contracture improvement from 23 degrees to 
10 degrees. 
" Byrd and Jones” reported on 10 baseball players treated 
for OCD of the capitellum by arthroscopic débridement; 4 
of them were able to resume playing competitively. The av- 
erage age was 14.5 years and the average follow-up was 
3.9 years. However, in this study the outcomes were poorly 
correlated with the lesion grade. 
= Baumgarten and associates! reported on 14 young ath- 
letes (gymnastics or throwing sports) whose OCD of the 
capitellum was treated by arthroscopic débridement. Three 
were forced to give up their sport. The average age was 13.8 
years and the average follow-up was 4 years. In this review 
contracture was noted to improve by 14 degrees. 


COMPLICATIONS 


= Angular deformity 

= Avascular necrosis of the capitellum 

=" Detachment and capitellum overgrowth 
= Early arthritis 
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DEFINITION 


= Patellar instability in children and adolescents usually in- 
volves an episode of complete dislocation of the patella from 
the trochlear groove. Occasionally there can be episodes of 
patella subluxation without gross dislocation. 
= There are two types of patella dislocation: 
= Acute traumatic patella dislocation 
" Atraumatic dislocations or subluxation secondary to liga- 
mentous laxity 
= First-time patella dislocations tend to occur most commonly 
in adolescent high-level athletes.” 
=" Pain is often associated with episodes of dislocation, 
but chronic patellofemoral pain is not usually the primary 
complaint. 
= The incidence of primary patella dislocation in 10- to 17-year- 
olds is reported at 29 and 43 per 100,000.° 


ANATOMY 


=" Traumatic dislocation of the patella occurs almost exclu- 
sively in the lateral direction and often results in a tear of the 
medial patellofemoral ligament (MPFL) off the femur or the 
patella or in its midsubstance (FIG 1A). 
=" The MPFL provides 50% to 80% of the restraining force to 
lateral patella displacement.® 
" It is a flat band adjacent to the medial retinaculum that 
courses between the medial epicondyle of the femur and the 
medial patella. 
" It inserts into the superior two thirds of the patella on its 
medial aspect. 
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= Specifically, the MPFL attaches into the femur just distal to 
the adductor tubercle and just superoposterior to the medial 
epicondyle (FIG 1B)’ 
=" In a skeletally immature patient, the MPFL appears to at- 
tach to the femur between the growth plate and the medial epi- 
condyle. 
=" Traumatic dislocation can cause a serious fracture of the 
medial patella facet (FIG 1C) or the lateral femoral condyle 
(FIG 1D) and can be cartilaginous or osteocartilaginous. 
= Stanitski found a 71% incidence of osteochondral injury 
at arthroscopy after patella dislocation, most of which was 
radiographically occult.*® 
=" More frequently there is a less serious nonarticular avulsion 
fracture of the MPFL off the medial patella. 
" There can be an immediate or delayed appearance of an os- 
sific lesion at the avulsion site off the medial patella (FIG 1E). 
= A shallow trochlea groove, patella alta, patellar tilt, and a lat- 
eralized tibial tubercle can increase the risk of dislocation,’ along 
with a hypoplastic tibial tubercle and valgus knee alignment. 


PATHOGENESIS 


=" Noncontact patellar dislocation during sports usually in- 
volves lower extremity internal rotation combined with knee 
valgus on a planted foot (a mechanism very similar to anterior 
cruciate ligament injury). 

=" Less commonly, patella dislocation is caused by a direct 
blow that pushes the kneecap laterally. 

=" Most episodes of traumatic patella dislocation sponta- 
neously reduce in the field. 
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FIG 1 © A. The medial patellofemoral (MPFL) ligament can tear off the femoral or patellar origin or in its midsubstance. B. The 
MPFL tethers the medial patella to the medial condyle of the femur. It arises from the superior two thirds of the medial border 
of the patella and inserts between the adductor tubercle and medial epicondyle. Its insertion is just distal to the growth plate. 
C. The entire medial cartilaginous facet of the patella has separated from the underlying bone after a primary traumatic patellar 


dislocation. (continued) 
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=" The common finding of a lateral femoral condyle bone 
bruise at the sulcus terminalis suggests that dislocation usually 


occurs at 70 to 80 degrees of flexion.'* 


=" Multiple anatomic factors are theorized to increase the risk 
of patella dislocation, such as family history, increased Q 
angle, femoral intorsion, tibial extorsion, knee valgus, 
trochlear groove dysplasia, and foot pronation. Only patella 
alta is a proven risk factor.? 


NATURAL HISTORY 


= After a primary patellar dislocation, there is only a 17% risk 
of recurrence. The risk of recurrence jumps to 49% if there is 
a history of prior patellar dislocation or subluxation. 

=" Young age was also associated with recurrence, as was a 
positive family history.° 

= At 6 months after patellar dislocation, only 69% of patients 
had returned to sports.° 

=" At 2 to 5 years of follow-up after patellar dislocation, 
Fithian and coworkers® showed no radiographic or scinti- 
graphic evidence of degenerative joint disease. 

= At 6 to 26 years of follow-up after nonoperative treatment 
for patellar dislocation, 22% of knees showed arthritic changes 
compared to 11% of each patient’s opposite uninjured knee.” 

= At least 30% to 50% of patients with patella dislocation 
will have knee pain more than 2 years after injury,’ and 69% 
of athletes will decrease their sports activity. 

=" Young age and skeletal immaturity, especially in females, is 
associated with worse prognosis."' 

=" Overall, the natural history is not improved with the routine 
operative stabilization of primary dislocations.*°*""' 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Most episodes of patellar dislocation spontaneously reduce 
in the field. 

= Patients with an acute traumatic patella dislocation often 
present to the emergency room with a history of a noncontact 
or contact injury to their knee, and many do not recognize the 
injury as a patellar dislocation. 

= An effusion is usually present after traumatic dislocation but 
is rarely present after atraumatic dislocations. If the patella is 
still dislocated, the emergency physician usually performs a re- 
duction by slowly extending the knee from its flexed position. 
= Patella dislocation that spontaneously reduces in the field 
may mimic the history and presentation of an anterior cruciate 
ligament tear. 

= The patella apprehension sign is the best test for patellar in- 
stability. With the knee flexed over a bolster at 25 degrees, the 
patella is translated laterally. If the patient exhibits apprehen- 
sion, the test is positive. 
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FIG 1 © (continued) D. After patellar disloca- 
tion this patient has an osteochondral fracture 
of the lateral femoral condyle. E. Insignificant 
avulsion fracture off medial patella, which is 
pathognomonic for patellar dislocation. 


= Patella glide test: With knee flexed 25 to 30 degrees, the 
patella is gently translated laterally. Lateral translation of more 
than two quadrants of the patella may indicate instability. 

= Testing for the J sign (patella pulls laterally as knee reaches 
full extension, in the path of an upside-down J) can identify 
proximal alignment issues. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Knee radiographs should include the anteroposterior (AP), 
lateral, and sunrise (or Merchant) views. 
=" The sunrise or Merchant view requires a patient to flex the 
knee 30 to 45 degrees, which may be impossible owing to pain at 
the initial time of presentation in the emergency department. The 
sunrise view can usually be obtained at the first follow-up visit. 
= Plain radiographs can miss 40% of arthroscopically docu- 
mented chondral or osteochondral lesions. Many reparable os- 
teochondral injuries show only a sliver of bone on one view in 
the plain radiographic series, which can be easily overlooked 
(FIG 2A). 
=" Because of the high rate of occult articular or osteoarticular 
injury, we recommend an MRI scan on patients who present 
with a large traumatic effusion. 
" The site of MPFL ligament disruption can often be identi- 
fied on MRI. MRI is reported to be 85% sensitive and 70% 
accurate (FIG 2B).’> 
" Patellar dislocation produces a signature bone contusion 
pattern in which the medial patella and the midportion of 
the lateral femoral condyle show increased signal (FIG 2C). 
This bone bruise pattern is distinct from that associated 
with anterior cruciate ligament tears. 


DIFFERENTIAL DIAGNOSIS 


= Anterior cruciate, medial collateral, lateral collateral, or 
posterior cruciate ligament tear 

=" Meniscal tear 

Patellofemoral pain syndrome 

Knee contusion 

Osteoarticular fracture 


NONOPERATIVE MANAGEMENT 


= Initial management of traumatic patellar dislocation after 
reduction is with a knee immobilizer, analgesia with oral nar- 
cotics, and crutch walking (weight bearing as tolerated). 

=" The risk of redislocation is three times higher in patients 
treated with immediate mobilization versus immobilization with 
cast or brace.’ The authors use a knee immobilizer for 4 weeks. 
= Initial nonoperative management of acute patellar instabil- 
ity in children begins with the management of any residual 
acute symptoms, such as pain and swelling. 
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FIG 2 © A. Osteochondral fragment. Post-patellar dislocation radiographic sunrise view shows a subtle sliver of bone (arrow), which 
on arthroscopy proved to be a large osteochondral fracture from the lateral condyle that was repaired with screw fixation. B. Medial 
patellofemoral ligament (MPFL) tear off patella. MRI shows disruption of MPFL off its origin from the patella (arrow), with increased 
signal on medial patella. C. Lateral femoral condyle bone bruise on MRI scan after a patella dislocation. There is a subtle break in 
the articular cartilage (arrow). The location of the bruise provides evidence that the patella usually dislocates with the knee in 70 to 


80 degrees of flexion. 


=" Modalities and exercise are used to control effusion, restore 
normal range of motion, and initiate quadriceps activation. 

=" Once these symptoms have resolved, the focus of conserv- 
ative management turns to providing dynamic stability 
through strengthening. This typically includes proximal hip 
and core strengthening as well as local quadriceps and ham- 
strings strengthening. 

= The final stages of rehabilitation before return to activity 
focus on restoring functional strength and assessing the child’s 
dynamic stability and readiness to return safely to functional 
activities with minimal risk of recurrence. 


SURGICAL MANAGEMENT 


= Operative treatment is indicated for first-time patellar disloca- 
tion that fails to reduce concentrically, or that involves osteo- 
chondral damage necessitating repair or removal of a loose body. 
=" QOsteochondral lesions larger than 1 cm in diameter should 
be repaired if any bone is attached to the chondral fragment. 
Fixation devices should be countersunk 1 to 2 mm beneath the 
cartilage surface. 

=" The MPFL can be repaired at the time of surgery for osteo- 
chondral lesions in acute dislocations, but the recurrence rate 
is higher with repair versus reconstruction. 

= Reconstruction (versus repair) is indicated for recurrent in- 
stability, or in patients who are noted to have an attenuated 
MPFL at the time of surgery. 

=" MPFL reconstruction is not indicated for malalignment, 
patellofemoral pain, or arthrosis. 

= Lateral release is rarely necessary with repair or reconstruc- 
tion of the MPFL. 

=" Recurrent traumatic dislocations and recurrent atraumatic 
dislocations that fail bracing and physical therapy can benefit 
from surgical patella realignment. 

= Tibial tubercle realignment procedures should be avoided in 
skeletally immature patients with open growth plates because 
of the risk of creating iatrogenic genu recurvatum from growth 
arrest. 


Preoperative Planning 


= MRI scans should be reviewed to determine the size and lo- 
cation of osteochondral fractures and their potential for repair 
versus removal. 


=" Small metallic or bioabsorbable screws or pins should be 
available for osteochondral fracture repair. 

=" MRI can locate the site of MPFL failure with 70% accuracy 
to help target the site of repair (patella versus femoral side of 
ligament). 

=" Examination under anesthesia involves testing lateral patella 
tracking and checking overall knee stability. 


Positioning 

= The patient is positioned supine on a table that will allow 
knee imaging (FIG 3). 

= An intravenous bag is taped to the table to allow blocking 


the knee at about 30 to 60 degrees flexion during patella re- 
pair and reconstruction tensioning. 


Approach 


= The surgeon uses an approach through the anterior knee 
midline or a medial parapatellar approach. If needed, the 
hamstring semitendinosus graft is harvested through a stan- 
dard proximal medial tibial approach with a tendon 
stripper. 





ay 
FIG 3 © Operating room position. Patients are positioned supine 
on a radiolucent operating room table. A bump is placed under 
the ipsilateral hip to help balance the knee in flexed position. 
An intravenous bag is taped to the table to act as a block to 


hold the knee in flexion during tensioning of the repair or 
reconstruction. 
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MEDIAL PATELLOFEMORAL LIGAMENT REPAIR 


A 3- to 5-cm longitudinal incision is made centered over 

the medial border of the patella. 

Sharp dissection is carried to the bony surface of the 

patella with a subperiosteal incision down to bone in a 

vertical line about 1.5 cm lateral to the medial patellar 

border (TECH FIG 1A). 

The periosteum and all overlying soft tissues are collec- 

tively elevated off the medial patella and a tissue plane 

is developed in the fatty plane between the retinaculum 

and synovial joint capsule using Metzenbaum or curved 

tenotomy scissors. 

=" This soft tissue tunnel is expanded down toward the 
medial epicondyle of the femur. 

= [It is not necessary to enter the joint space, and this 
should be avoided. 

A finger is placed in the tunnel that lies just outside the 

synovium of the knee joint but is deep to the MPFL. 

= The MPFL can be digitally palpated on its inner sur- 
face down to the medial epicondyle to determine its 
suitability for repair versus reconstruction. 

= It should feel like a stout band of tissue originating 
from the medial epicondyle when traction is applied 
on its patellar end with a Kocher clamp (TECH FIG 1B). 


A rongeur or burr is used for superficial decortication of 

the exposed anterior medial patella, thus creating a bed 

for healing of the advanced MPFL. 

Multiple extra-articular drill holes (three or four) are 

placed in the patella to create transosseous suture tun- 

nels for imbrication. 

= Suture anchors can be used as an alternative for fixa- 
tion to the patella (TECH FIG 1C). 

No. 2 or stronger nonabsorbable sutures are placed 

through the patella tunnels and woven through the ad- 

vanced MPFL. 

=" The MPFL should be sutured to the anteromedial 
surface of the patella, not the posteromedial surface 
(TECH FIG 1D). 

The tension should be set with the knee at 45 to 60 de- 

grees of flexion to prevent overcorrection or undercor- 

rection. 

The remaining free lateral edge of the MPFL tissue is sewn 

down to the patellar soft tissue with a running 2-0 suture. 

The knee should be placed through a range of motion to 

assess the repair’s ability to prevent dislocation and mal- 

tracking in all degrees of knee flexion and extension. 

The wounds are irrigated and the skin is closed. 





TECH FIG 1 A. Medial patellofemoral ligament (MPFL) repair. A 3- to 5-cm incision is made just medial to the patella and 
the soft tissue and periosteum are elevated off the medial 1 to 1.5 cm of the patella. Soft tissue is elevated down to the 
fatty layer just outside the knee capsule and synovium. B. MPFL palpation. The surgeon's finger is placed in the extrasyn- 
ovial tunnel created deep to the MPFL and medial retinaculum. From inside out, the MPFL is palpated to determine its suit- 
ability for repair or the necessity for reconstruction. The MPFL should feel like a stout band originating off the medial epi- 
condyle. C. Suture is placed through holes drilled in the medial patellar bone. D. A no. 2 nonabsorbable suture is woven 
through the MPFL and secured down to the medial patellar bone. 


MEDIAL PATELLOFEMORAL LIGAMENT RECONSTRUCTION 


A 3- to 5-cm medial patellar longitudinal skin incision is 

carried down to the medial patella and the initial dissec- 

tion is similar to the above MPFL repair. 

A thick periosteal flap is elevated off the medial 1 to 1.5 

cm of the patella and carried down to the medial fibro- 

fatty layer just outside the knee synovium. 

An extrasynovial tunnel is created down to the medial 

epicondyle. 

The semitendinosus tendon (single tendon) is harvested 

using standard technique with a tendon stripper, and no. 

2 Ethibond suture is placed in each end of tendon with a 

Krackow type of locking stitch (TECH FIG 2A). 

= The doubled tendon is sized usually to 5 to 6 mm in 
diameter. 


A 2-cm incision is made over the medial epicondyle and 

an anterior cruciate ligament guide pin is placed just an- 

terior and proximal to the medial epicondyle. 

™ Because the medial epicondyle is difficult to palpate, 
the guide pin’s location should be verified with AP 
and lateral fluoroscopy. 

In skeletally immature children, the guide pin should be 

4 to 5 mm distal to the growth plate. 

A 4-mm transosseous tunnel is drilled in the medial 

patella just superior to the equator. 

An umbilical tape is passed through the patella tunnel 

and under the medial retinaculum and around the guide 

pin to test isometry. The tape is tightened at 30 to 60 de- 

grees of flexion. 
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TECH FIG 2 « A. Harvest of semitendinosus, showing the fibrous band diverging posteromedi- 
ally toward the gastrocnemius. These bands must be cut before passing a tendon stripper. B,C. 
A soft tissue interference screw is placed in the femoral bone tunnel to lock the hamstring graft 
into the tunnel after the looped graft is pulled into the tunnel when the guide pin is advanced 


across the femur. 


=" If the patella tracks medially in flexion, the pin is 
moved distal; if the patella tracks medial in extension, 
the pin is moved slightly proximally. If the pin is too 
anterior, the tape will tighten in terminal extension 
and flexion. If the pin is too posterior, the tape will 
loosen in terminal extension and flexion. 

The Beath needle guide pin is advanced across the distal 

femur condyle until it comes out the lateral skin, avoid- 

ing the patellofemoral joint anteriorly and the common 

peroneal nerve posteriorly. A5  25-mm tunnel is drilled 

over the guide pin. 

The tendon is folded in half and looped over a no. 5 non- 

absorbable suture. The no. 5 suture ends are placed into 

the eyelet of the Beath needle. 

The folded end of the tendon is drawn into the tunnel as 

the guidewire and no. 5 suture are advanced across the 

knee condyles to exit laterally. 


The semitendinosus tendon (posterior and distal to the 
gracilis) is harvested with an open tendon stripper and 
the distal tendon is left attached to the proximal tibia. 
The free end of the tendon is secured with a Krakow 
type of locking stitch of no. 2 nonabsorbable suture. 
Through a midline incision, the patella is exposed to 
allow an oblique 4- to 5-mm drill hole placed from prox- 
imal lateral to distal medial in the coronal plane of the 
patella. 

A lateral release is performed about 1 cm lateral to the 
patella, extending from the proximal tibia to 1 cm above 
the proximal patella. 

The free end of the semitendinosus is passed retrograde 
up through the oblique tunnel and the free end is folded 
back across the anterior surface of the patella perios- 
teum and sutured to the anterior patella, or sewn back 
to itself if its length permits (TECH FIG 3). 

The graft should be tensioned and fixed with the knee at 
45 to 60 degrees flexion. 

A knee immobilizer is placed, and the patient may bear 
weight as tolerated. Early motion is encouraged. 


Z A soft tissue interference screw matched to the tunnel 


size (same size) is then placed to lock the folded double 
end of the hamstring graft securely in the tunnel (TECH 
FIG 2B,C). 


= The two free ends of the graft are routed under the me- 


dial retinaculum up toward the patella. 


= One end of the tendon is passed through the patella tun- 


nel and then sewn to the other end of the tendon with 
the knee flexed to about 45 degrees while the patella is 
held firmly in the trochlear groove. 


= Patella tracking and stability are tested through a full 


range of motion. 


= Standard closure is performed and a knee immobilizer is 


placed. 


GALEAZZI PROCEDURE (SEMITENDINOSUS TENODESIS) 


Patellar tunnel 


Harvested 
semitendinosus 





TECH FIG 3 e¢ Galeazzi procedure. Semitendinosus is har- 
vested and left attached distally. The free end of the graft is 
fixed into the oblique patellar tunnel. 
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ROUX-GOLDTHWAITE PATELLA TENDON HEMITRANSFER 


= A midline incision about 5 to 6 cm long is taken down to Py 
the patella tendon and the proximal tibia. 

= A lateral release is performed from about 1 to 2 cm 
above the proximal pole of the patella, distal to the tib- 
ial tubercle. 

= The patella tendon is split in its midline and the distal 
end of the lateral half is released from the proximal tibia 
insertion without damaging the cartilaginous tibial tu- 






bercle. 
= The free end of the lateral tendon is passed posterior 
to the medial tendon and brought out and sewn into the Transferred “ 
soft tissue of the medial proximal tibia, preferably into : half of pateviar tendon 


the insertion of the sartorius muscle (TECH FIG 4). 
= The hemitransfer is tensioned in 45 to 60 degrees of flex- TECH FIG 4 © Roux-Goldthwaite procedure in which the lat- 


ion, with equal tension on both halves of the tendon. eral half of the patella tendon is transferred into the soft tis- 
= The knee is immobilized for 4 to 6 weeks. sue of the medial proximal tibia. 


MEDIAL PATELLOFEMORAL LIGAMENT REPAIR ON FEMORAL SIDE 


= ~~ A4-cm oblique incision is made over the adductor tuber- 
cle and medial epicondyle down through the covering 
fascia. 

= The distal belly of the vastus medius obliquus muscle 
and the torn edge of the MPFL are repaired to the soft 
tissue stump, or the avulsed edge is repaired to the bare 
bone of the adductor tubercle with suture anchors 
(TECH FIG 5). 

= Care is taken to avoid damage to the branches of the 
saphenous nerve. 

= Early mobilization, weight bearing, and strengthening 
are encouraged to avoid knee stiffness. 


Vastus 
medialis 
Adductor 
magnus 


Femur 
Growth plate 


Medial 
patellofemoral 
ligament tear 


Medial collateral 
ligament 


Tibia 


TECH FIG 5 e Medial patellofemoral ligament (MPFL) repair 
of femoral-side tear or avulsion. The MPFL is directly repaired 
across the torn tendon or fixed back to bone. 





PEARLS AND PITFALLS 


MPFL repair = Works best for acute traumatic dislocation in which the MPFL has avulsed off the medial patella, or off 
the adductor tubercle. Repair has a higher recurrence rate than reconstruction. The surgeon must test to 
make sure the MPFL is sturdy for repair. If it is attenuated, MPFL reconstruction should be used. 

= Sutures should be tensioned with the knee in 30 to 60 degrees flexion and the patella well seated in the 
trochlear groove to avoid maltracking. 

= The MPFL is secured to the anteromedial patella, not the posteromedial patella. 

= The surgeon should avoid repair into a medial patella osteochondral fracture fragment; the fragment 
should be excised first. 

=™ Suture anchors make repair much easier than multiple suture tunnels. 





MPFL reconstruction = The isometry of the guidewire should be checked to avoid patellar maltracking before drilling the me- 
dial epicondyle tunnel. 
= The tendon is passed through the patellar tunnel with a Hewson suture passer or a folded no. 22 steel wire. 
= The interference screw is placed beside the doubled tendon in the epicondyle tunnel, not between the 
two limbs, to avoid wrapping up the tendon. 


Galeazzi procedure = The hamstring tendon is passed retrograde through the patellar tunnel using a Huysten suture passer or 
a guide pin with an eyelet. 
= The transferred hamstring tendon is tensioned with the knee flexed 30 to 60 degrees. 


Roux-Goldthwaite = The surgeon should avoid overtensioning the transferred lateral half of the patella tendon to keep 
procedure adequate tension on the untransferred half. 
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POSTOPERATIVE CARE 


=" MPFL repair and reconstruction patients are placed in a knee 
immobilizer and are weight bearing as tolerated. Full range 
of motion starts 1 to 2 weeks postoperatively, and patients are 
advanced to plyometrics at 6 weeks postoperatively. 

=" Galeazzi procedure patients have similar rehabilitation due 
to solid fixation if the tendon is sewn to itself. 

=" Roux-Goldthwaite procedure patients are kept toe-touch 
weight bearing for 6 weeks postoperatively owing to the less 
secure fixation of the transferred tendon into medial proximal 
tibia soft tissue. 


OUTCOMES 


=" MPFL reconstruction appears to be more reliable at prevent- 
ing redislocation than other soft tissue procedures. 

= Nomura and associates’’ reported that only 2 of 22 patients 
had a repeat subluxation or dislocation episode after MPFL re- 
construction, with an average follow-up of 11.9 years. 

= Thaunat and Erasmus'’ found that 3 of 148 MPFL recon- 
structions redislocated with an anatomically placed double 
loop of autogenous gracilis tendon. All failures were related to 
repeat trauma occurring at least 4 years from the index surgery. 
" Andrish' suggested that failed MPFL reconstructions associ- 
ated with trochlear or patellar dysplasia often necessitate a 
trochleoplasty, tibial tubercle transfer, or both. 


COMPLICATIONS 


= Recurrence is seen in less than 10% of patients after MPFL 
reconstruction. 
=" Patellofemoral pain is often unchanged from the preopera- 
tive condition. 
" Patients with severe patellofemoral arthrosis and 
patellofemoral pain syndrome may not benefit from these 
procedures. 
= Skeletally mature patients may benefit from a procedure 
that moves the tibial tubercle more anterior (Fulkerson 
osteotomy). 
=" Overtightening of medial soft tissue can result in medial dis- 
location. This is especially possible if a medial repair is tensioned 
in full extension or is combined with an extensive lateral release. 
=" Care must be taken to avoid patella articular cartilage pen- 
etration when drilling patella holes, especially with the 
Galeazzi procedure. 
=" With the Roux-Goldthwaite procedure, there are reports of 
patellar tendon rupture of the untransferred tendon. 
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Proximal Patellar Realignment 


Jay C. Albright 


DEFINITION 


= Instability of the patellofemoral joint is a significant cause of 
pain and dysfunction in children and young adults. 

= Instability or dislocations may occur in either ligamentously 
lax individuals or in athletic non-lax individuals. 

= Instability or dislocation patients without generalized liga- 
mentous laxity are more likely to sustain an injury to the liga- 
ment and to structures about the knee. 

= Injuries sustained to the medial aspect of the patellofemoral 
joint may lead to ligament disruption of the medial patello- 
femoral ligament with or without stretching or tearing of the 
medial retinaculum. This may lead to persistent pain or recur- 
rent instability of the patellofemoral joint. 

= The key to treatment is the persistent complaint of instabil- 
ity feelings and examination consistent with instability with or 
without pain. 

=" Care must be taken to avoid realignment surgery for pain 
only. 


ANATOMY 


=" The medial restraints of the patellofemoral joint are made 
up predominantly of the medial retinaculum and the medial 
patellofemoral ligament. Forty to 60% of the resistance to 
lateral translation is supplied by the medial patellofemoral 
ligament.” 
=" The medial patellofemoral ligament is about 15 mm wide. 
It extends from the medial aspect of the patella, about 10 to 
15 mm distal to the superior pole of the patella, near the 
widest portion of the patella, to the medial epicondylar area 
just above the origin of the medial collateral ligament. 
= This area can also be located distal to the vastus medialis 
obliquus (VMO) insertion into the quadriceps tendon and 
anterior to the medial intermuscular septum. 
= The lateral retinaculum may also be tight, characterized by 
less than 12 mm of medial translation.” 
=" The bony anatomy and alignment of the lower extremities 
must also be considered. The quadriceps angle may be greater 
than average, increasing the lateral translational force. 
= So-called miserable malalignment syndrome may exist, in- 
cluding excessive femoral anteversion with or without increased 
external tibial torsion.’»* 


PATHOGENESIS 


= The onset of patellofemoral instability or dislocation can be 
either traumatic or atraumatic. In young athletes, it can occur 
during a valgus twisting maneuver such as swinging a baseball 
bat while twisting out of the way of a pitch. It may also occur 
with a direct blow on the valgus bent knee. 

=" Like an anterior cruciate ligament injury, it is common to 
hear or feel a “pop.” If the patella completely dislocates, the 
athlete may be found to have a deformity of the knee and may 
be unable to actively extend the knee. 


= It may be associated with significant swelling or little swelling. 
It is commonly difficult to distinguish between a medial collat- 
eral ligament tear, a meniscal tear, or an acute patellofemoral 
subluxation or dislocation. 

=" The bony anatomy of the patellofemoral joint may also be 
abnormal with a deficient lateral femoral slope of the trochlear 
groove, leading to decreased force needed to laterally translate 
or dislocate the patella. 


NATURAL HISTORY 


= Patients with an atraumatic presentation of instability or 
dislocation of the patellofemoral joint have a higher likeli- 
hood of repeat instability episodes despite aggressive physical 
therapy and bracing.'? 

= Patients with a traumatic-onset presentation may have a 
fracture or loose body created by the subluxation or disloca- 
tion. If a loose body exists, as in other conditions, surgical in- 
tervention is warranted. 

= There is controversy over whether to acutely operate on 
first-time dislocators who are young athletes without general- 
ized ligamentous laxity. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= The clinician must evaluate potential associated or confound- 
ing injuries and consider the differential diagnosis, which should 
include (but not be limited to) meniscal tears, which are charac- 
terized by joint-line tenderness, painful popping with provoca- 
tive maneuvers (full squat, McMurray, or Apley compression 
test), and with or without loss of full extension. 
= A thorough examination will include the following: 
" Examination for effusion 
" Patellar stability testing. Instability of 25% to 50% indi- 
cates increased laxity but a still-competent retinaculum and 
medial patellofemoral ligament. Instability of more than 
50% indicates insufficiency of both structures. 
" Femoral rotation: Average rotation is external rotation 
greater than or equal to internal motion. 
" Tibial alignment: Average axis is 10 to 15 degrees of ex- 
ternal tibial torsion. 
= The clinician should observe and palpate the patella for 
lateral subluxation (J sign) during active range of motion. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Anteroposterior (AP), lateral, and Merchant views are all 
standard and provide information regarding the acute injury. 
=" Each radiograph is evaluated for fracture or loose fragment 
necessitating more emergent surgical indications. 


DIFFERENTIAL DIAGNOSIS 


=" Meniscal tear 
=" Medial collateral ligament tear 
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Chondral injury or bruise 
Anterior cruciate ligament tear 
Tendinitis 
Sindig-Larsen-Johanssen disease 


NONOPERATIVE MANAGEMENT 


=" Over 80% of patients will respond well to nonoperative 
treatment. 
=" Nonoperative treatment is appropriate for multiple dislo- 
cators or subluxators, especially those who have generalized 
ligamentous laxity or an atraumatic type of presentation. 
=" Controversy exists as to the best treatment of first-time 
dislocators who are ligamentously tight, with or without a 
traumatic (but usually forceful) event. 
= First-time dislocators who are young athletes without liga- 
mentous laxity or a loose body or fracture are the most likely 
to respond well to nonoperative treatment. 
=" Some advocate early surgical intervention to repair the me- 
dial patellofemoral ligament and medial retinaculum even 
without fractures or loose body. 
=" Nonoperative regimen for a dislocation includes: 
" Rest, ice, compression, and elevation, plus anti-inflamma- 
tory medications 
" Immobilization for about 6 weeks 
" Immediate physical therapy to strengthen the weakened 
quadriceps and a patellar protection program 
" Bracing, with a lateral patellar restraint type of brace, for 
return to activity 
= ‘Treatment options for recurrent subluxation should include: 
" Bracing with a lateral patellar restraint type of brace 
= Physical therapy: a patellar protection program empha- 
sizing strengthening of the hip flexors, abductors (which 
are routinely weak in this patient population), and quadri- 
ceps in particular 
" The clinician should emphasize to the patient that therapy 
requires participation at home as well as at therapy sessions. 


SURGICAL MANAGEMENT 


=" Operative intervention should not be considered in chronic 
subluxators unless they prove that despite good effort in ther- 
apy over 6 to 12 months, instability still is problematic. 

= The surgeon should be wary of operative treatment for pa- 
tients with pain without instability. 

=" Recurrent dislocators who dislocate in a brace during phys- 
ical activity despite good effort during therapy and training as 
well as those who dislocate during activities of daily living in 
a brace after therapy are candidates for surgical intervention. 
= Any loose body or patellar avulsion fractures with large dis- 
placed fragments are indications for early surgical intervention. 


Preoperative Planning 


= All imaging studies are reviewed for other pathology that 
also needs to be addressed concurrently. 
= Before positioning, an examination of the knee under anes- 
thesia (including ligamentous testing) should be performed. 
= The examination should include a Lachman test, pivot shift, 
varus—valgus stress test, and anterior—posterior drawer as well 
as medial and lateral patellar stability testing at 45 degrees of 
knee flexion. Results should be compared with those from the 
opposite knee. 
" Translation of the patella over 50% of the width of the 
patella laterally indicates an incompetency of the medial 





FIG 1 * Complete dislocation of the patella at the time of 
surgery. 


patellofemoral ligament and the medial retinaculum, and 
both should be addressed at surgery (FIG 1). 
Positioning 
= ‘The supine position is used with the patient’s operative leg 
free and with a tourniquet on the proximal leg. 
=" The foot of the table is flexed about 30 to 45 degrees and a 
lateral post is used for valgus moment, visualizing the medial 
compartment. 
= The opposite leg can be positioned per the surgeon’s prefer- 
ence, depending on whether the foot of the table is flexed 90 
degrees or if the foot is kept flat with a lateral post. 


Approach 


= If an arthroscopic lateral release is being performed, a 4- to 
5-cm limited medial approach may be used, centering on the 
widest portion of the patella (FIG 2). Subcutaneous flaps can 
be elevated to allow great mobility of the prepatellar skin to 
limit the size of the incision. 

= Alternatively, an open subcutaneous lateral release can be 
performed through a 1-cm incision, along with the medial 
plication-imbrication, or both may be done through a mid- 
line incision. 





FIG 2 « First, arthroscopic examination and limited lateral release 
(black line) are performed. The surgical incision is centered over 
the medial aspect of the widest portion of the patella. 
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MEDIAL RETINACULAR PLICATION (MODIFIED INSALL) 


After dissection of the subcutaneous tissues, a medial 
parapatellar incision is made, leaving about 2 mm of ten- 
don with the VMO (TECH FIG 1A). 

This incision in the tendon and the retinaculum is made 
from about 3 to 4 cm above the superior pole of the 
patella distally to 3 to 4 cm distal to the inferior pole of 
the patella medial to the tendon, leaving enough reti- 
naculum with the tendon to suture to. 

The entire depth of the tendon and retinaculum is incised. 
The knee is then held in 45 degrees of flexion and the 
patella is held in position in the center of the trochlea 
(TECH FIG 1B). 

Three nonabsorbable no. 1 or no. 2 sutures are placed 
but not tied in a horizontal mattress fashion. 

These are typically placed 25% to 40% across the width 
of the patella from medial to lateral, imbricating the 
edge of the tendon of the VMO and the retinaculum dis- 
tally and laterally. 

With the three sutures held tight, the knee is placed 
through a range of motion, from full extension to 90 de- 
grees of flexion, to check that enough imbrication has 
been performed. 

The sutures are then tied and a 0 absorbable suture is 
used above and below the imbrication to reinforce the 
tension set by these sutures. 

A running 0 absorbable suture then can be sutured over 
the imbrication to help reinforce the imbrication as well 
as lower its profile. 

The wound is irrigated and closed in layers. 

Absorbable 3-0 or 4-0 monofilament should be used in 
the skin." 





TECH FIG 1 e A. Medial parapatellar incision is made with 2 
to 3 mm of quadriceps tendon left attached to the vastus 
medialis obliquus. B. The knee is placed at 45 degrees of 
flexion, with the patella centered in the femoral groove; 
set the tension of the medial side by imbricating the medial 
retinaculum. 


MEDIAL PATELLOFEMORAL LIGAMENT RECONSTRUCTION 


The incision in the quadriceps mechanism and retinacu- 
lum is kept as extrasynovial as possible, especially directly 
medial to the patella and distally. 

The retinaculum is dissected from the subcutaneous tis- 
sue superficially back to the medial intermuscular sep- 
tum (TECH FIG 2A). 

It is then dissected from the synovium deep back to the 
intermuscular septum. 

A puncture hole is made in the retinaculum immediately 
anterior to the intermuscular septum, superficial to the 
medial epicondylar insertion of the natural ligament and 
immediately distal to the VMO. 

The distance from the widest portion of the patella to 
the planned puncture site is measured. 

The medial 6 to 8 mm of full-thickness quadriceps tendon 
is taken typically as a 50- to 60-mm-long graft remaining 
attached to the superior pole of the patella (TECH FIG 2B). 
The graft is subperiosteally reflected distally about 10 to 
12 mm from the superior pole of the patella (more dis- 
tally laterally than medially, to allow it to fold over on it- 
self during fixation and tensioning). 

A nonabsorbable suture is placed in the free end of the 
graft, with a whipstitch or other graft stitch performed 
with two ends. 


The graft is then passed deep to the retinaculum through 
the puncture hole to the superficial side of the retinacu- 
lum (TECH FIG 2C). 

The tension is then set via the medial retinacular suture 
plication as described above before setting the tension 
of the graft. 

At 45 degrees of knee flexion the graft is then tensioned 
to allow no more than 25% lateral translation of the 
patella at 45 degrees of knee flexion (TECH FIG 2D). 
The graft is secured into position with no. 1 or 2 nonab- 
sorbable suture placed through the medial intermuscular 
septum periosteum of the medial epicondyle and the graft 
and retinaculum at the puncture hole in the retinaculum. 
It is further secured by 0 absorbable sutures in the graft 
and retinaculum, catching the graft superficial and deep 
to the retinaculum as the free end of the graft is directed 
back toward the patella. 

The suture in the free end of the graft is also used to se- 
cure it into position. 

Once the graft is secured and imbrication is complete, 
the knee is flexed to 90 degrees to ensure that no over- 
tightening of the quadriceps mechanism has occurred 
and that the sutures stay in place. 

Tracking of the patella is also checked as described above.* 
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TECH FIG 2 « A. The surgeon dissects deep to the medial retinaculum, pos- 
terior to the medial epicondyle and the medial intermuscular septum. B. If 
the medial patellofemoral ligament is to be reconstructed, the surgeon 
measures the length of graft needed. A full-thickness quadriceps tendon 
graft 6 to 8 mm wide is obtained, with attachment to the patella main- 
tained at its widest portion. C. The medial retinaculum is punctured at the 
point marked by placement anterior to the intermuscular septum, distal to 
the vastus medialis obliquus, and superficial to the medial epicondyle. 
D. The graft is tensioned and secured to the medial retinaculum—intermus- 
cular septum, also at 45 degrees. 





PEARLS AND PITFALLS 





Indications 


= Careful patient selection process is a must. 


= Patients with pain without instability should not be operated on unless all else fails. 
= A careful examination should be done to determine whether reconstruction of the medial 
patellofemoral ligament is warranted. 


Tension setting 


=™ The surgeon should make sure that the patella translates close to 25% of its width laterally. 


= The patella should also medially translate 12 to 20 mm. 

= This is best done by setting the tension with the knee flexed about 45 degrees. 

= If medial patellofemoral ligament reconstruction is being performed at the same time, the 
tension should be set with the retinacular imbrication before tensioning the graft (this avoids 


over-tensioning). 


= Before closure, the knee is taken through the range of motion from 0 to 90 degrees to ensure 
good alignment and to make sure that the sutures are not under too much tension. 


Quadriceps graft management 


= Care must be taken not to detach the quadriceps graft from the patella completely. 


= Dissecting more distally on the lateral aspect of the patellar attachment allows for the graft to 


lay down on itself. 


= The puncture site is positioned distal to the most inferior aspect of the VMO and immediately 
anterior to the intermuscular septum. 

= When passing the graft through the puncture hole in the retinaculum, a snap or Kocher clamp 
is used to hold the stitch in the free end. It is pulled through in line with the graft (the surgeon 
should push anterior to posterior, not pull posterior to anterior). 


Fixation problems 


POSTOPERATIVE CARE 


= Patients are placed in a hinged postoperative knee brace 
locked in full extension. 

= Physical therapy for range of motion (passive and active as- 
sisted) should be started in the first few days to combat 
arthrofibrosis. 

=" Weight bearing is protected with crutches until the patient 
is comfortable enough to walk in a locked knee brace in full 
extension. 


= The graft is sutured at the patellar attachment as it folds over itself. 


=" During the initial phase of therapy, patellar mobilization, 
quadriceps activation, straight-leg raises, pain modalities, and 
edema control are important. 

=" Range of motion is restricted to 0 to 90 degrees for the first 
3 to 4 weeks postoperatively. 

= At 4 weeks, full range of motion is allowed, with progres- 
sive quadriceps strengthening, edema control, and pain con- 
trol, and gait training is initiated. 

= Brace use in community settings is continued until adequate 
quadriceps strength has returned (about 6 weeks). 


= From 6 to 12 weeks, there is continued progression of quadri- 
ceps strengthening. 

= Functional return to activities starts at 3 months 
postoperatively. 


COMPLICATIONS 


= Failure of fixation is typically seen at the time of surgery if 
knee is tested from 0 to 90 degrees. 

= Late fixation failure is uncommon but can happen if flexion 
beyond 90 degrees is started too soon postoperatively. 

= Arthrofibrosis should be treated aggressively with manipu- 
lation under anesthesia if greater than 90 degrees of flexion is 
not obtained by 6 weeks. 

=" Continued pain may occur, especially if not enough or too 
aggressive of a lateral release was performed, leading to 
either increased pressure on the patella or medial pressure 
and instability. 
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= Injury to the cutaneous nerves is common, and patients 
should be warned of this risk. It can be avoided with well- 
placed small incisions. 

=" Recurrent instability may occur in patients with rotational 
or angular malalignments that either are not recognized or 
cannot be addressed because of skeletal immaturity. 
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DEFINITION 


= Tibial spine fractures are synonymous with an avulsion of 
the anterior cruciate ligament (ACL) with its attachment on 
the anteromedial portion of the tibial eminence.'©-*' Some au- 
thors consider them to be equivalent to the midsubstance ACL 
injuries seen in the adult population. 
= This injury commonly occurs in the younger age group, par- 
ticularly in those with open growth plates. 
= Tibial spine fractures occur in 3 per 100.000 children each 
year. ® 
= Meyers and McKeever classified this fracture into three 
types based on the degree of displacement (FIG 1)**: 

" Type [is a nondisplaced fracture. 

" Type II is the hinged, partially displaced type. 

" Type III is a complete displacement of the fragment. 
= The classification proposed by Meyers and McKeever was 
later modified by Zaricznyj to include a fourth type, which 
would signify a comminuted fragment.”” 


ANATOMY 


= The tibial eminence is found lying in the intercondylar area 
of the tibia (FIG 2). 
= Two elevations are seen: a medial and a lateral. These eleva- 
tions are triangular. 
" The medial elevation provides the attachment for the 
fibers of the ACL. 
" There are no structures that attach to the lateral portion 
of the eminence. 
" The ligamentous ends of the medial and lateral menisci 
likewise insert into the intercondylar eminence. 
= The tibial eminence also serves as an insertion for the pos- 
terior cruciate ligament (PCL); the fibers of the PCL typi- 
cally arise from the posterior portion of the intercondylar 
eminence. '* 
= In the younger child the majority of the anterior portion of 
the eminence is cartilaginous.'* 


PATHOGENESIS 


=" Avulsion of the tibial eminence or tibial spine is usually 
traumatic in nature. It is more common in children, particu- 
larly those with incomplete ossification and open growth 
plates. The incompletely ossified tibial spine is primarily carti- 
laginous, which is weaker in resisting tensile forces. 

= The injury occurs because of a stretching of the ACL. The 
ACL is much stronger in resisting tensile forces than the imma- 
ture osteochondral surface; this often results in failure and 
avulsion of the osteochondral attachment of the ACL. 

=" The usual mechanism of injury is a forced valgus moment 
applied to the knee, which is coupled with external rotation 
forces. Other mechanisms reported include hyperextension of 
the knee coupled with rotational moments. 
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= Different loading mechanisms are likewise implicated in 
the development of the injury. Experimental models have 
shown that rapid loading rates result in midsubstance ACL 
tears, whereas gradual loading results in tibial spine avulsion 
fractures.'°*! 

=" The inherent anatomy of the knee has likewise been impli- 
cated. Kocher and colleagues’? compared 25 skeletally imma- 
ture knees with tibial spine fractures against 25 age-matched 
skeletally immature knees with midsubstance ACL tears and 
found a narrower notch width (intercondylar notch) in indi- 
viduals who had sustained the midsubstance ACL tears. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Fractures of the tibial spine are usually precipitated by an 
acute traumatic event. The clinical presentation usually coin- 
cides with the severity of injury. 

=" Usually a patient with a tibial spine injury will have a his- 
tory of trauma or sports-related injury; the most common 
mechanism is usually a fall from a bicycle. Lately, sports- 
related injuries have been reported with increasing frequency. 
High-velocity trauma may also cause tibial spine injuries. 

= The patient will usually present with a painful swollen knee. 
Swelling is secondary to hemarthrosis from the intra-articular 
knee injury. 

= Knee joint laxity is present, as well as an inability to bear 
weight on the affected extremity. 

=" The knee should also be carefully examined for any con- 
comitant injury. 

=" Gentle palpation and examination of the knee are under- 
taken. Most patients have some degree of swelling due to 
hemarthrosis secondary to the intra-articular fracture. Other 
superficial injuries are related to the degree and nature of the 
traumatic event. 





Type | Type Il 


Type Ill 


FIG 1 © Meyers and McKeever classification. Type | has minimally 
displaced fragments. Type II has displacement through the ante- 
rior portion of the fracture with an intact posterior hinge. Type 
Ill has complete displacement of the fracture fragments. 
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FIG 2 e Axial view of the tibial plateau. A. The intercondylar eminence lies between the medial and lateral 
condyles. B. The medial portion serves as the attachment of the anterior cruciate ligament. 


= In the presence of a deficient ACL complex, during the pivot 
shift test the femur falls posteriorly in relation to the tibia as the 
leg is raised and rotated internally. The valgus force applied to 
the leg along with slight flexion of the knee results in the pivot 
shift phenomenon. The intact iliotibial band reduces the femur 
when the knee is brought into 20 to 30 degrees of flexion. 

= A positive anterior drawer test indicates knee joint laxity. 
However, this is not as sensitive as the Lachman test in assess- 
ing for ACL deficiency. 

= A positive result on the Lachman test indicates deficiency of 
the ACL complex. The test has greater sensitivity and speci- 
ficity for ACL tears. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Standard anteroposterior (AP) and lateral views of the knee 
are usually adequate in making the diagnosis. These views help 
to define and identify the extent of bony injury. 
" In lesions that are predominantly cartilaginous, these 
views may sometimes detect a small piece or a fleck of 
avulsed bone, which may be indicative of the avulsed osteo- 
chondral fragment (FIG 3). 
= MRI is a good imaging modality for suspected tibial spine 
injuries, especially in the immature knee, where the tibial spine 
is predominantly cartilaginous. It differentiates between a true 
midsubstance ACL injury and a true avulsion fracture of the 
tibial spine. It also helps to detect concomitant injuries around 
the knee joint.® 
= Computed tomography is helpful in the older age group and 
in cases of severe trauma, where the fracture configuration 
may be severely comminuted. 
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FIG 3 e AP and lateral radiographs of the knee showing a dis- 
placed tibial spine fracture (type III). 


DIFFERENTIAL DIAGNOSIS 


ACL tear 

Osteochondral lesion 

Meniscal injury 

Other ligamentous injuries about the knee 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management is reserved for nondisplaced 
type I fractures and reducible type II fractures. 
=" Type II fractures may be reduced by first aspirating the 
hematoma and injecting a local anesthetic agent into the joint 
space. 
" The knee is extended in an attempt to reduce the fracture 
fragment. The mechanism is through direct pressure exerted 
by the lateral femoral condyle. 
- This maneuver may be effective for lesions that are 
large enough to include part of the tibial plateau. 
In small lesions, the maneuver may not afford adequate 
reduction. 
= The reduction is assessed with radiographs and the knee 
is immobilized. 
= A long-leg cast is placed to immobilize the leg and maintain 
reduction. 
" There has been controversy about the optimal position for 
cast placement. 
" Previous authors have recommended varying degrees of 
flexion, ranging from 10 to 40 degrees.**°*!> The arguments 
in favor of flexing the knee relate to the relative relaxation 
of the ACL in flexion. ’* 
=" We recommend long-leg casting between 10 and 20 degrees 
of knee flexion. 
= The reduction should be checked after 1 week and at 2 weeks. 
Any loss of reduction warrants an operative reduction of the 
fracture. 


SURGICAL MANAGEMENT 


= The general indications for surgical management of tibial 
spine fractures include: 
= Completely displaced tibial spine fractures (type III) 
" Type II tibial spine fractures with inadequate closed 
reduction 


Preoperative Planning 


=" Careful preoperative evaluation and preparation are always 
imperative to the success of treatment. 

= All imaging studies obtained before surgery should be 
reviewed. 
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FIG 4 ® Position of the knee in the leg holder. 


= If the avulsed fragment has a relatively large osseous com- 

ponent, plain radiographs will usually suffice in determining 

treatment. 

= In lesions that are primarily cartilaginous, MRI may be 

required to determine the extent of the lesion. Any other le- 

sion noted on imaging studies should likewise be addressed. 
=" A thorough physical examination should be performed 
under anesthesia. 
=" The choice of surgical treatment (open versus arthroscopic 
reduction) as well as the choice of fixation device largely de- 
pends on the preference and experience of the surgeon and the 
character of the lesion. 

" Larger lesions with an adequate osseous component, for 

example, may allow for screw fixation, whereas a lesion 

that is primarily cartilaginous may be better treated with su- 

ture fixation. 

" Inevitably, the final decision as to which fixation device is 

best is made intraoperatively. 


" The surgeon should be prepared to offer fixation tech- 
niques that will provide stable anatomic fixation by open 
methods or through arthroscopy. 

Positioning 

=" For arthroscopic procedures, the position largely depends 

on the surgeon’s preference. A variety of positions can be used. 
" The leg can be placed on the operating table with the 
knee joint past the break in the table. This allows the knee 
to flex 90 degrees when the lower end of the table is 
dropped down, allowing the knee to dangle off the table. 
This position can be done with or without a leg holder 
(FIG 4A). 
" The leg can be placed supine on the operating table, with 
the hip flexed and the knee flexed 90 degrees. The knee is al- 
lowed to angle off the table as needed (FIG 4B,C). 

=" For open reduction techniques, the patient is placed supine on 

the operating table, a tourniquet is placed on the thigh, and the 

knee is draped in a standard fashion. The leg is exsanguinated. 


Approach 


= The standard arthroscopic portals used for ACL reconstruc- 
tion are used (FIG 5). 

=" For open reduction and internal fixation (ORIF), the knee is 
approached through a limited parapatellar approach. 
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FIG 5 e The standard portals used for anterior cruciate ligament 
reconstruction are the same ones commonly used for arthro- 
scopic treatment of tibial spine fractures. 





ARTHROSCOPY-ASSISTED TIBIAL SPINE REPAIR 


Arthroscopic Fixation 


= — An anterolateral portal is made for visualization, a super- 
Omedial portal is used as an outflow tract, and an an- 


teromedial portal is made for instrumentation. 


= The hemarthrosis is removed to allow for direct inspec- 


tion and evaluation of the knee joint. 
Any concomitant injuries are identified. 


The base of the fracture fragment is débrided using 
shavers and curettes and the fracture hematoma is care- 


fully removed. 


= A posterior force is applied to the leg and an attempt is 
made to reduce the fracture fragments (TECH FIG 1). 





TECH FIG 1 « A. Arthroscopic image taken of a type III 
tibial spine fracture. B. Arthroscopic image showing 
anatomic reduction of the fracture fragments. 
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If any interposing structure is found preventing re- 
duction, it should be carefully retracted and sutured or 
repaired if necessary. 

Midpatellar tendon portals may be added to allow the 
use of accessory probes and instruments. 


Screw Fixation 


Once anatomic reduction of the fracture has been 

achieved, a guide pin is passed through the fracture frag- 

ment (TECH FIG 2A,B). 

=" The position of the guide pin is checked under 
fluoroscopy to ensure proper placement and to avoid 
traversing the growth plate. 

A second pin may be introduced, depending on the 

stability of the fracture reduction, to maintain the 

fragments in place. 

A screw of appropriate size and length is chosen. 

=" A 3.5-mm or 4.0-mm cannulated, self-drilling self- 
tapping screw is used. The screw size is largely de- 
pendent on whether the fracture fragments will 
accommodate the screw. 

= One or two screws may be placed, depending on the 
size of the fragment. 





TECH FIG 2 « Arthroscopic screw fixation. 
A. The fracture fragment is maintained 
using cannulated guidewires. B,C. A cannu- 
lated screw is inserted under fluoroscopic 
guidance. D,E. AP and lateral radiographs 
showing the tibial spine fracture fixed with 
a single cannulated screw with washer. Care 
should be taken to avoid crossing the physis 
with the screw. 


With reduction maintained, the screw is gradually ad- 
vanced under fluoroscopic guidance, making sure that 
the growth plate is not traversed. 

Once adequate fixation has been obtained, the guide 
pins are removed. 

The knee is gently flexed and extended while the stability 
of the reduction is checked under direct vision. 

AP and lateral radiographs of the knee are taken to 
document appropriate positioning of the screw and to 
document the fixation before closure (TECH FIG 2C-E). 
Once satisfactory reduction is documented, the instru- 
ments are removed and the arthroscopic portals closed. 
The knee is placed in a cylinder cast in 5 to 10 degrees of 
flexion. 


Suture Fixation 


Two 1-0 PDS sutures are placed at the base of the ACL 
proximal to its insertion on the tibial spine (TECH FIG 3). 
An incision is made 1 to 2 cm medial to the tibial tuber- 
cle to allow for placement of the ACL tibial guide. 

Two parallel 2-mm transphyseal tunnels are made. 

A suture passer is passed through each tunnel and the su- 
ture ends are retrieved. 





TECH FIG 3 e Suture fixation. Two 1-0 PDS sutures are passed through the base of the anterior 
cruciate ligament. A suture passer is used to grab the suture ends through a transphyseal tun- 
nel and the suture ends are tied in the anteromedial border of the tibia. 
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The tibial spine is reduced in its own bed and the suture 
ends are tied over a bone bridge in the anteromedial 
portion of the tibia. 

The reduction is checked under direct visualization. If re- 
duction is found to be inadequate, fixation may be aug- 
mented with percutaneous Kirschner wires or cannu- 
lated screws as needed. 

Once adequate reduction had been achieved, gentle 
flexion and extension of the knee is performed to check 
for stability of reduction. 

When satisfactory reduction of the fracture is obtained 
and documented, then the instruments are removed and 
the arthroscopic portals are closed. 

The knee is placed in a cylinder cast in 5 to 10 degrees of 
flexion. 


Kirschner Wire Fixation and 
Percutaneous Pinning 


After adequate reduction of the fracture is obtained, the 
fracture fragment is held in reduction. 


Two Kirschner wires are inserted percutaneously under 
fluoroscopic guidance 0.5 cm proximal to the tibial 
tuberosity on the medial and lateral side of the patellar 
tendon. 

The Kirschner wires are withdrawn gradually in a retro- 
grade manner until the tips are flush with the surface of 
the tibial spine (TECH FIG 4A). 

Proper placement of the Kirschner wires is documented 
radiographically and arthroscopically. 

The stability of reduction is checked with gentle passive 
flexion and extension of the knee. 

The Kirschner wires are bent and cut at the level of the 
skin. 

The instrumentation is removed and the arthroscopic 
portals are closed. 

Adequate padding is applied over and beneath the pins 
to allow for support before cast immobilization. 

A cylinder cast is applied to the knee in 5 to 10 degrees 
of flexion (TECH FIG 4B,C). 





TECH FIG 4 « A. Arthroscopic image showing threaded Kirschner wires introduced in a retrograde 
fashion, maintaining reduction of the fracture fragments. Postoperative AP (B) and lateral (C) radi- 
ographs show adequate fixation and maintenance of reduction using Kirschner wires. 





OPEN REDUCTION AND INTERNAL FIXATION 
Exposure 


Patella 


meniscus 
Tibial 
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The procedure begins with a standard median parapatellar 
approach. The skin incision may be parapatellar or midline. 
The median parapatellar incision is started at the inferior 
pole of the patella and follows the medial border of the 
infrapatellar tendon down to the level of the tibial tuber- 
cle. The incision can be extended as needed (TECH FIG 5). 


condyle 


ACL 
Medial 





When performing the medial parapatellar skin incision, 
care should be taken to avoid inadvertent transection of 
the infrapatellar branch of the saphenous nerve; if a 
branch is cut it should be buried in fat to decrease the 
risk of developing a neuroma. 

The skin incision is carried down to the fascia. The skin 
and subcutaneous tissues are retracted and reflected. 







TECH FIG 5 e A. Median parapatellar approach to 
the knee can be done through a straight midline 
incision. B. The parapatellar incision is carried 
through to the knee joint and the patella is re- 
flected laterally. 
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Dissection is carried through the medial border of the 
patellar retinaculum, making sure to retain at least a 2- to 
3-mm cuff of soft tissue to allow for adequate closure, and 
down along the medial border of the patellar tendon. 
The patella and patellar tendon are retracted laterally to 
allow for direct visualization of the ACL and tibial spine 
fracture. 


Fixation materials used to hold the fragment in place, 
including sutures, screws, and Kirschner wires, are simi- 
lar to those described in the arthroscopic technique. 
Once fixation of the fracture has been achieved, stability 
is tested by gentle flexion and extension of the knee. 
Any concomitant injuries about the knee joint are 
addressed. 
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= Copious washing of the knee joint is done before closure 
to clear the knee joint of any remaining debris. 
= Meticulous hemostasis and layer-by-layer closure are 


Fracture Fixation 


= Once complete exposure of the knee joint is achieved, 


the fracture fragments as well as any concomitant performed. 
injuries are identified. = The knee is placed in a cylinder cast in 5 to 10 degrees of 
= The leg is held in the posterior drawer position by the flexion. 

assistant to allow for an easier reduction. 





PEARLS AND PITFALLS 


= A careful assessment of the injury is done before treatment; any concomitant injuries such as meniscal 
tears or injuries to the collateral ligaments should be carefully evaluated and incorporated into the 
surgical plan. 





Indications 


=™ Even with proper preoperative planning, the surgeon should be prepared to use a variety of fixation 
devices and techniques. This is often dictated by the size and character of the fracture fragment. A large 
fragment may accommodate more than one screw; a smaller fragment, however, may be better treated 
with suture fixation or percutaneous pinning. 


Surgical preparation 


= The fracture fragment should be assessed and carefully fixed. Multiple attempts at obtaining purchase 
with the use of fixation devices should be avoided as this may cause comminution of the fragment. 

= In skeletally immature individuals, care must be taken to avoid crossing the physis, particularly with the 
use of screw fixation. Fluoroscopic guidance should be used and the physis identified and avoided during 
fixation. 


Fracture fixation 


® Difficult reduction is often secondary to soft tissue interposition. The fracture bed should be cleared and 
any interposing soft tissue should be retracted or removed as deemed necessary. Often the anterior horn 
of the medial meniscus becomes entrapped; performing an anterior drawer maneuver may allow the 
entrapped fragment to be liberated. The fragment may then be reduced onto the fracture bed and fixed 
accordingly. 


Fracture reduction 


Mobilization ® Early mobilization should be undertaken to avoid postoperative stiffness. Mobilization is allowed de- 
pending on the stability of fixation. If prolonged immobilization is needed, immobilizing in extension 


is preferred, as flexion contractures are a more difficult problem to treat. 


laxity with both closed management and operative treat- 
ment of tibial spine fractures, as long as reduction is main- 
ea ett 

=" Good to excellent outcomes have been reported with ORIF 
as well as arthroscopic reduction with suture fixation,’°*'' 
arthroscopic reduction with screw fixation,”!’ and arthro- 
scopic reduction and percutaneous pin fixation.’” 

= Hunter and Willis’ found similar outcomes with both screw 
and suture fixation. In 10 cases they found interposition of the 
intermeniscal ligament that required retraction or resection to 
allow for adequate reduction. 


POSTOPERATIVE CARE 


= Postoperatively the knee is immobilized in 5 to 10 degrees of 
flexion. If adequate fixation is obtained, then the extremity 
may be placed in full extension; hyperextension should always 
be avoided. 

= Radiographs are taken to document adequate reduction of 
the fracture fragment. 

= Early range of motion may be started at 1 to 2 weeks when 
the swelling has subsided and if good fixation of the fracture 
fragment is obtained. 

=" In more severe cases, where stability may be in question, 
range-of-motion exercises are generally instituted once ade- 


quate healing of the fracture can be ascertained; this is usually COMPLICATIONS 
4 to 6 weeks after surgery. =" Nonunion 
=" Malunion 
OUTCOMES = Arthrofibrosis* 
=" Residual laxity of the knee is commonly seen, even with = Residual laxity 
anatomic reduction of the fracture, and is due to the inherent = Implant-related complications 
stretch of the ACL before the tibial spine fails. Excellent = Growth disturbance 
functional outcomes have been reported despite the residual = Loss of motion 
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DEFINITION 


= Skeletally immature patients have open growth plates, or 
physes, and thus have growth potential remaining. 

= Intrasubstance anterior cruciate ligament (ACL) injuries 
were once considered rare in this population, with tibial 
eminence avulsion fractures considered the pediatric ACL in- 
jury equivalent.'' However, intrasubstance ACL injuries in 
children and adolescents are being seen with increasing 
frequency and result in an “ACL-deficient knee” as in adult 
patients. 

=" ACL deficiency in the skeletally immature patient usually re- 
sults in an unstable knee at risk for further injury and acceler- 
ated degeneration. 

=" Conventional surgical reconstruction techniques risk poten- 
tial iatrogenic growth disturbance due to physeal violation, 
and thus special consideration must be given to this patient 
population.’ 

= The physiologic age of the patient reflects the amount of re- 
maining growth potential and heavily influences the treatment 
options. 


ANATOMY 


=" The ACL originates from a semicircular area on the poste- 
rior portion of the medial aspect of the lateral femoral condyle 
and courses obliquely to the anteromedial aspect of the tibial 
plateau at the anterior tibial eminence (or spine). 
=" The primary role of the ACL is to resist anterior transloca- 
tion and rotation of the tibia on the femur. 
= The ligament is composed of two anatomically and biome- 
chanically distinct bundles, the anteromedial and the postero- 
lateral bundles. 
" The anteromedial bundle is more anterior and vertical in 
orientation. It largely resists anterior translation and tight- 
ens in the last 30 degrees of extension. 
" The posterolateral bundle is more posterior and oblique 
in orientation. It is more isometric and plays a greater role 
in rotational control. 
=" Not all skeletally immature patients are the same. Some 
have a tremendous amount of growth remaining, while others 
are essentially done growing. 
=" Most of the longitudinal growth of the lower extremities 
comes from the distal femur and the proximal tibia. The tibial 
physis can be as close as 15 to 20 mm to the tibial spine. The 
femoral physis comes within millimeters of the femoral attach- 
ment of the ACL at the most posterior aspect of its insertion 
(FIG 1). 


PATHOGENESIS 


= The etiology of ACL injury in skeletally immature patients 
is similar to that in the adult population. It is usually due to a 
noncontact injury involving a cutting, pivoting, or rapid decel- 
eration maneuver. 


Anterior Cruciate Ligament 
Reconstruction in the 
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= Patients often report hearing a “pop” followed by swelling 
of the knee. ACL injury has been reported in up to 65% of pe- 
diatric patients with acute traumatic hemarthroses.’” 
=" The “shift” that occurs with the ACL-deficient knee at the 
time of injury causes an impaction injury on the posterior as- 
pect of the tibial plateau against the distal femur at the sul- 
cus terminalis as the tibia translates anteriorly on the femur. 
Characteristic bone bruises in this location on MRI are 
pathognomonic for ACL injury (FIG 2). 
= Ligamentous, meniscal, and chondral injuries are commonly 
associated with ACL injury. 
" The medial collateral ligament is commonly injured with 
the ACL. 
" The posterolateral corner is less often injured with the 
ACL but is a common cause of failure of ACL reconstruc- 
tion if it is not addressed as well. 
" Tears of the lateral meniscus are associated with acute 
tears of the ACL. 
" The posterior horn of the medial meniscus is a secondary 
restraint to anterior translation of the tibia. In the chroni- 
cally ACL-deficient knee the posterior horn of the medial 
meniscus assumes a greater role in preventing anterior trans- 
lation and is thus at increased risk of injury. 


NATURAL HISTORY 


=" Partial tears may be successfully managed nonoperatively in 
some patients.® 





FIG 1 © Sagittal MRI demonstrating the relationship of the 
anterior cruciate ligament to the distal femoral and proximal 
tibial physes. (From Kocher MS, Garg S, Micheli LJ. Physeal 
sparing reconstruction of the anterior cruciate ligament in 
skeletally immature prepubescent children and adolescents: 
surgical technique. J Bone Joint Surg Am 2006;88A[SuppIl 1 
Pt 2]:283-293.) 
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FIG 2 © Sagittal MRI through the lateral aspect of the knee 
demonstrating characteristic bone bruise pattern for an acute 
anterior cruciate ligament injury (thin arrow). Note increased sig- 
nal on the posterior aspect of the lateral tibial plateau and the 
distal aspect of the femur at the sulcus terminalis (thick arrow). 


" Complete tears in skeletally immature patients generally 
have a poor prognosis, with near-universal recurrent instabi- 
lity leading to further meniscal and chondral injury.'*'° 

=" Over half of patients show evidence of early degenerative 
changes 4 to 5 years after their injury.'° 

= Patients who have a greater amount of instability, as mea- 
sured objectively with KT-1000 arthrometry, or pursue 
higher-level cutting and jumping sports, are at greater risk for 
recurrent injury.” 

=" ACL reconstruction can reduce the risk of recurrent meniscal 
and chondral injury. However, how this influences the risk of 
developing degenerative joint disease is not clear at this time. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Adolescents are notoriously bad historians, but every at- 
tempt should be made to garner an appreciation for the mech- 
anism of injury, a history of acute or recurrent effusions, and 
a sense of instability with activities or mechanical symptoms. 
= Physiologic age should be established informally in the office 
using the Tanner staging system.'* This can be confirmed in the 
operating room after the induction of anesthesia. Skeletal age 
can be determined via hand and wrist radiographs per the 
method of Greulich and Pyle.* 
=" A complete examination of the knee should be performed. 
Particular attention should be given to evaluating the knee for 
associated pathology. 
= Patella ballottement and fluid wave test should be done to 
evaluate for the presence of an effusion. 
= Range of motion (ROM) is important to assess because re- 
gaining full ROM before ACL reconstruction may be critical 
to prevent postoperative arthrofibrosis. Loss of extension 
should alert the clinician to the possibility of a displaced 
bucket-handle tear or preoperative arthrofibrosis. Loss of flex- 
ion may be due to pain secondary to a tense effusion. 
=" Tenderness to palpation should be assessed and localized 
specifically as it can greatly direct the diagnosis of related 
injuries. 
" Tenderness to palpation along the joint line, particu- 
larly the posterior aspect of the joint line, should alert the 
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clinician to the possibility of a meniscal tear. Pain or pal- 
pable popping with provocative maneuvers, such as 
McMurray, Apley compression, or duck walk, will help to 
confirm this finding. 
" Pain along the course of or at the femoral or tibial inser- 
tion points for the collateral ligaments should alert the clin- 
ician to the possibility of a collateral ligament tear. 
" Pain at the physis should prompt an investigation for a 
physeal injury, although in our experience this is not com- 
monly associated with complete ACL injuries. 
" Tenderness along the medial retinaculum or the course of 
the medial patellofemoral ligament can indicate an acute 
patellar dislocation that reduced spontaneously. 
= Ligamentous evaluation should include the anterior and 
posterior cruciate ligaments, the medial and lateral collateral 
ligaments, and the posterolateral corner. 
" Skeletally immature athletes have a greater degree of 
physiologic laxity than adult athletes, and as such a compar- 
ison should always be made to the uninjured knee. 
" Evaluation of the ACL is best done with the Lachman test 
in the cooperative patient. In the patient who voluntarily or 
involuntarily guards against traditional Lachman testing, 
the prone Lachman may encourage relaxation and give a 
more reliable examination. 
" Pivot shift testing may be performed in the office but is 
usually not well tolerated by pediatric patients. It should be 
performed in the operating room as part of the preoperative 
evaluation of every patient. 
= The posterior cruciate ligament should be evaluated using 
the posterior drawer test. The relative starting point should 
always be assessed first and compared to the contralateral 
side. The utility of posterior drawer stress radiographs is un- 
clear at this time. Injuries of grade II and above should alert 
the clinician to the possibility of an associated posterolateral 
corner injury. 
" Medial and lateral collateral ligament injuries are assessed 
through stress opening with valgus and varus stress at 0 and 
30 degrees of knee flexion. In the pediatric patient, opening 
with varus and valgus stress can be due to physeal injuries, 
and the clinician should always be vigilant for this. 
" Evaluation of the posterolateral corner is best done with 
the dial test. The posterolateral drawer and the external ro- 
tation recurvatum tests are also useful for evaluating pos- 
terolateral corner injuries. 
= Evaluation for patellar instability with apprehension testing 
should be performed. 
" Evaluation of quadriceps bulk and strength is important for 
postoperative recovery. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= All pediatric patients with a complaint of knee pain should 
receive an initial plain radiographic evaluation including AP, 
lateral, and patellar views. Special attention should be given to 
evaluate for physeal injuries as well as other injuries on the dif- 
ferential diagnosis. 

=" AP and frog-lateral plain radiographs of the hip should be 
considered in the evaluation of all pediatric patients with com- 
plaints of knee pain. 

=" Overall varus and valgus malalignment, if present clinically, 
should be evaluated with full-length, hip-to-ankle radiographs. 
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=" MRI is the diagnostic imaging test of choice for further eval- 
uation of ACL tears in the skeletally immature patient. 
However, it is significantly less sensitive and specific for diag- 
nosing ACL injuries in this population compared with the 
adult population.® Findings on MRI signifying an ACL tear in- 
clude a discontinuity in the fibers on the ACL and a character- 
istic bone bruise pattern on the distal femur and the posterior 
tibial plateau of the lateral hemi-joint. 
=" MRI in the pediatric population also has a high false- 
positive rate for meniscal tears. This is likely due to the 
increased vascularity of the meniscus, which is often in- 
terpreted as intrasubstance degeneration or a tear of the 
meniscus.” 


DIFFERENTIAL DIAGNOSIS 


Tibial eminence (spine) fracture 

Other intra-articular or physeal fracture 
Patellar dislocation 

Meniscal tear 

Posterior cruciate ligament tear 

Medial or lateral collateral tear 
Posterolateral corner injury 

Physiologic laxity 

Hip etiology 


NONOPERATIVE MANAGEMENT 


=" Partial or incomplete tears can be successfully managed 
nonoperatively in some patients if clinical and functional sta- 
bility is possible. The following criteria have been shown to 
be associated with successful nonoperative treatment of par- 
tial tears’: 

" Tears of less than 50% of the ligament 

= Relative preservation of the posterolateral bundle 

= Age less than 14 years 

" Normal or near-normal Lachman or pivot shift test 
=" Up toa third of patients may require subsequent reconstruc- 
tion and should be made aware of that risk at the onset of 
treatment. 
= Successful treatment based on the above criteria includes: 
A hinged knee brace is worn for 12 weeks. 
Touch-down weight bearing is maintained for 6 to 8 weeks. 
Passive terminal extension is restricted for the first 6 weeks. 
Active terminal extension is restricted for 12 weeks. 
Physical therapy emphasizes hamstring muscle 

strengthening. 

" Return to sports and active play is permitted at 3 months 

with the use of a functional knee brace for 2 years for cut- 

ting and pivoting activities. 
=" Nonoperative management of complete tears in skeletally 
immature patients generally has a poor prognosis. 
=" For prepubescent patients with a complete ACL tear and 
without concurrent chondral injury requiring stabilization or 
meniscal injury requiring repair, we favor attempted nonoper- 
ative treatment with activity modification, functional bracing, 
and continued rehabilitation. 
= In our experience, compliance with activity modification and 
brace use and effectiveness limits the success of this treatment. 
=" Delay in surgical stabilization can lead to further meniscal 
and chondral injury due to recurrent instability. 
=" Although results of nonoperative management are gener- 
ally poor, the risk of further intra-articular injury by wait- 


ing until skeletal maturity to undergo reconstruction must be 
weighed against the risk of growth disturbance with early re- 
construction. 

= Some patients are able to cope with their ACL insufficiency 
or modify their activities, allowing for further growth and 
aging such that an adolescent-type reconstruction can be per- 
formed with transphyseal hamstrings tendons in a more 
anatomic manner. 

=" For prepubescent patients with recurrent instability despite 
the above treatment, reconstruction is indicated. 

=" For adolescent patients with growth remaining who have a 
complete ACL tear, we do not advocate initial nonoperative 
treatment since the risk of functional instability with injury to 
the meniscal and articular cartilage is high, the risk and conse- 
quences of growth disturbance from ACL reconstruction are less, 
and the transphyseal technique is an anatomic reconstruction. 


SURGICAL MANAGEMENT 


=" Conventional adult ACL reconstruction techniques risk po- 
tential iatrogenic growth disturbance due to physeal violation, 
and cases of growth disturbance have been reported in animal 
models and clinical series.” 
=" The following principles should be applied when consider- 
ing any reconstructive strategy: 
= Hard fixation, such as with an interference screw, or any 
bone crossing the physis, has a high risk of inducing a 
growth disturbance. 
= A tensioned soft tissue graft in a bone tunnel across the 
physis can also induce a growth disturbance. 
=" The approach to ACL reconstruction in the skeletally imma- 
ture patient should be based on physiologic age (FIG 3). 
= A variety of reconstructive techniques have been used, in- 
cluding physeal-sparing, partial transphyseal, and transphy- 
seal methods using various grafts. 
=" In prepubescent patients with large amounts of growth po- 
tential remaining, we perform a physeal-sparing, combined 
intra-articular and extra-articular reconstruction using autoge- 
nous iliotibial band. 
=" Recognizing that the physeal-sparing reconstruction de- 
scribed here is nonanatomic, we counsel patients and families 
that revision reconstruction may be needed if recurrent insta- 
bility develops, but that this procedure may temporize for fur- 
ther growth such that the patient may then undergo a more 
conventional reconstruction with drill holes. 
= A variety of other physeal-sparing reconstructions have been 
described to avoid tunnels across either the distal femoral or 
proximal tibial physis, but they will not be described here. 
= In adolescent patients with significant growth remaining, we 
perform transphyseal ACL reconstruction with autogenous 
hamstring tendons with fixation away from the physes. 
=" In adolescent patients approaching skeletal maturity, 
we perform conventional adult ACL reconstruction with in- 
terference screw fixation using either autogenous central- 
third patellar tendon or autogenous hamstrings (see Chap. 
SM-10), 
=" In skeletally immature patients, as in adult patients, acute 
ACL reconstruction is not performed within the first 3 weeks 
after injury to minimize the risk of arthrofibrosis. 
= Prereconstructive rehabilitation is performed to regain 
ROM, decrease swelling, and resolve the reflex inhibition of 
the quadriceps. 
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Prepubescent 


Tanner Stage 1 or 2 
Males: < 12 years old 
Females: = 11 years old 


Rehabilitation activity 
limits functional brace 


Physeal-sparing 
combined intra/extra- 
articular reconstruction 
with iliotibial band 
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Complete ACL tear 


Skeletally immature 
patient 


Older adolescent with 
closing physes 


Adolescent with 
growth remaining 


Tanner Stage 5 
Males: > 16 years old 
Females: > 14 years old 


Tanner Stage 3 or 4 
Males: 13-16 years old 
Females: 12-14 years old 


Adult ACL 
reconstruction with 
interference screw 

fixation (patellar tendon 
or hamstrings) 


Transphyseal 
reconstruction with 
hamstring and 
metaphyseal fixation 


FIG 3 « Algorithm for management of complete anterior cruciate ligament injuries in skeletally immature patients. 


= Skeletally immature patients must be emotionally mature 
enough to actively participate in the extensive rehabilitation 
required after ACL reconstruction. 


Preoperative Planning 


= All imaging studies, including plain radiographs and MRI, 
should be reviewed and associated injuries identified. 

= In general, associated injuries, such as meniscal, articular car- 
tilage, or other multiple ligament injuries, should be addressed 
at the time of ACL reconstruction. However, reconstruction 
may be staged in some cases, such as nonoperative treatment of 
a medial collateral ligament injury before ACL reconstruction. 
=" Consideration should be given to using pediatric anesthesia 
services, given the age of the patient. 

=" Tanner staging should be confirmed at the time of surgery 
after the induction of general anesthesia. 

=" A complete ligamentous knee examination, including 
Lachman, pivot shift, varus and valgus stress, posterior 
drawer, and dial tests, should be performed and the findings 
compared to the contralateral side to confirm the diagnosis. 


Positioning 
=" For both procedures described here, the physeal-sparing com- 


bined intra-articular and extra-articular reconstruction with au- 
togenous iliotibial band and the transphyseal reconstruction 


with autogenous hamstrings with metaphyseal fixation, posi- 
tioning and setup are very similar. 

= The procedure is performed under general anesthesia with 
overnight observation. Regional anesthesia can assist with 
pain relief but is not required. Local anesthesia with sedation 
may not be reliable in this population and has the potential for 
a paradoxical effect of sedation. 

=" The patient is placed supine on the operating room table 
and moved close to the operative side of the table such that the 
operative leg easily drapes over the edge of the table. 

= A tourniquet is placed high about the upper thigh. It is rou- 
tinely used during the physeal-sparing procedure but is not 
routinely used during the transphyseal technique. 

= A side post is placed two fingerbreadths above the flexed 
knee as it drapes over the side of the bed. It is used in the “up” 
position for the diagnostic arthroscopy and dropped to the 
“down” position to provide a ledge for supporting the knee 
during the ACL reconstruction. 


Approach 


=" The approach depends on the technique employed and the 
choice of graft. 

= Autograft is preferred, but soft tissue allograft could be con- 
sidered based on patient preference. Allograft would negate the 
need for hamstring harvest in the transphyseal reconstruction. 
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PHYSEAL-SPARING, COMBINED INTRA-ARTICULAR AND EXTRA- 
ARTICULAR RECONSTRUCTION WITH AUTOGENOUS ILIOTIBIAL BAND 
IN PREPUBESCENT PATIENTS 


Harvest of lliotibial Band Graft 


An incision of about 6 cm is made obliquely from the lat- 
eral joint line to the superior border of the iliotibial band. 
Proximally, the iliotibial band is separated from subcuta- 
neous tissue using a periosteal elevator under the skin of 
the lateral thigh. 

The anterior and posterior borders of the iliotibial band 
are incised and the incisions carried proximally under the 
skin using curved meniscotomes (TECH FIG 1A). 

The iliotibial band is detached proximally under the skin 
using a curved meniscotome or an open tendon stripper. 
Alternatively, a counter-incision can be made at the 
upper thigh to release the tendon. 

Dissection is performed distally to separate the iliotibial 
band from the joint capsule and from the lateral patellar 
retinaculum (TECH FIG 1B). 

The iliotibial band is left attached distally at the tubercle 
of Gerdy (TECH FIG 1C). 

The free proximal end of the iliotibial band is tubular- 
ized with a no. 5 Ethibond whipstitch and wrapped in a 
moist sponge until needed later. 


Arthroscopy 


Diagnostic arthroscopy of the knee is performed through 
standard anterolateral viewing and anteromedial work- 
Ing portals. 

Management of meniscal injury or chondral injury is per- 
formed if present. 

The ACL remnant is excised with the use of biting instru- 
ments and the shaver. 

The over-the-top position on the femur and the over- 
the-front position under the intermeniscal ligament are 
identified and cleared of excess tissue to allow passage 
of the graft. 

Minimal notchplasty is performed to avoid iatrogenic in- 
jury to the perichondrial ring of the distal femoral physis, 
which is very close to the over-the-top position.? 


Graft Passage 


The free end of the iliotibial band graft is brought 
through the over-the-top position using a full-length 
clamp (TECH FIG 2A) or a two-incision rear-entry guide 
(TECH FIG 2B) and out the anteromedial portal (TECH 
FIG 2C,D). 

A second incision of about 4.5 cm is made over the 
proximal medial tibia in the region of the pes anserinus 
Insertion. 

Dissection is carried through the subcutaneous tissue to 
the periosteum. 

A curved clamp is placed from this incision into the joint 
under the intermeniscal ligament (TECH FIG 2E). 

A small groove is made in the anteromedial proximal tib- 
ial epiphysis under the intermeniscal ligament using a 
curved rat-tail rasp to bring the tibial graft placement 
more posterior. 

The free end of the graft is then brought through the 
joint, under the intermeniscal ligament in the anterome- 
dial epiphyseal groove, and out the medial tibial incision 
(TECH FIG 2F). 


Graft Fixation 


Through the lateral incision, the iliotibial band graft is su- 
tured near the over-the-top position to the intermuscular 
septum and the periosteum of the posterior lateral 
femoral condyle with the knee flexed 90 degrees, tension 
on the graft, and the foot externally rotated 30 degrees 
(TECH FIG 3A). 

Fluoroscopic imaging is used to assess the location of the 
proximal tibial physis. 

A longitudinal incision is made in the periosteum distal 
to the proximal tibial physis. 





TECH FIG 1 e Harvest of iliotibial band graft for physeal-sparing anterior cruciate ligament reconstruction. 
The anterior and posterior aspects of the iliotibial band are identified through a laterally based incision at the knee. 
A. A meniscotome or an open tendon stripper is then used to harvest the proximal aspect of the graft. B. The graft 
is then freed distally. C. The free proximal aspect of the graft is tubularized and left attached distally to the tuber- 
cle of Gerdy. (A,B: From Kocher MS, Weiss JM. ACL reconstruction in the skeletally immature patient. In Tolo VT, 
Scaggs DL, eds. Master Techniques in Orthopaedic Surgery: Pediatrics. Philadelphia: Lippincott Williams & Wilkins, 


2008:277-287.) 
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TECH FIG 2 e Graft passage for physeal-sparing anterior cruciate ligament reconstruction. A. The graft is brought 
through the knee in the over-the-top position using a full-length clamp introduced through the anteromedial por- 
tal and out the lateral incision. B. Alternatively, a two-incision rear-entry guide can be used. C,D. The lead sutures 
are used to bring the graft through the notch and out the anteromedial portal. E. After a rasp is used to create a 
groove in the anterior tibia, under the intermeniscal ligament, a curved clamp is placed under the intermeniscal lig- 
ament (F) and the graft is brought to the anterior aspect of the knee. (A,C,E,F: From Kocher MS, Weiss JM. ACL re- 
construction in the skeletally immature patient. In Tolo VT, Scaggs DL, eds. Master Techniques in Orthopaedic 
Surgery: Pediatrics. Philadelphia: Lippincott Williams & Wilkins, 2008:277-287.) 


The edges are gently elevated and a trough is made in 
the proximal tibial medial metaphyseal cortex. 

The knee is flexed 20 degrees and tension applied to the 
graft. 

The graft is sutured to the periosteum at the roughened 
margins with mattress sutures (TECH FIG 3B). 

The knee is checked for stability to Lachman testing 
and ROM. 





Wound Closure 


The wounds are copiously irrigated. 

The tourniquet is deflated and meticulous hemostasis is 
achieved. 

The wounds are then closed in layers in a standard 
fashion. 


TECH FIG 3 e Graft fixation for physeal-sparing anterior 
cruciate ligament reconstruction. A. With the knee flexed 
90 degrees, tension on the graft, and the foot externally 
rotated 30 degrees, the graft is secured to the intermuscu- 
lar septum and the periosteum of the posterior lateral 
femoral condyle near the over-the-top position. B. With 
the knee flexed to 20 degrees, the tensioned graft is se- 
cured to the periosteum at the roughened margins of a 
trough in the proximal tibia. Fluoroscopic imaging is used 
to ensure that the proximal tibial physis is not disturbed. 
(A: From Kocher MS, Weiss JM. ACL reconstruction in the 
skeletally immature patient. In Tolo VT, Scaggs DL, eds. 
Master techniques in orthopaedic surgery: pediatrics. 
Philadelphia: Lippincott Williams & Wilkins, 2008:277-287.) 
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TRANSPHYSEAL RECONSTRUCTION WITH AUTOGENOUS HAMSTRINGS 
WITH METAPHYSEAL FIXATION IN ADOLESCENT PATIENTS WITH GROWTH 
REMAINING 


The transphyseal reconstruction is similar to the single- 
bundle ACL reconstruction technique. 

The basic principles of graft harvest, notch preparation, 
tunnel placement, and tunnel creation are the same. 
This technique uses an all-soft-tissue graft with meta- 
physeal fixation. We describe fixation with an 
EndoButton (Smith & Nephew Arthroscopy, Andover, 
MA) on the femoral side and an all-metaphyseal inter- 
ference screw on the tibial side, but other all-metaphy- 
seal options exist. 


Harvest and Preparation of 
Autogenous Hamstrings Tendon Graft 


Hamstrings are routinely harvested at the start of the 

case if the diagnosis is not in question. However, if the 

diagnosis is in doubt, arthroscopy can be performed first 

to confirm ACL tear. 

The leg is placed in a slightly externally rotated position 

with the knee slightly bent. 

A 4-cm incision is made over the palpable pes anserinus 

tendons on the medial side of the upper tibia. 

Dissection is carried through skin to expose the sartorius 

fascia. 

= The underlying gracilis (Superior) and semitendinosus 
(inferior) tendons are identified by palpation. 

A longitudinal incision is made in the flat sartorius fascia. 

The cordlike gracilis and semitendinosus tendons are 

identified on its deep surface. 

The tendons are dissected free distally and their free 

ends whipstitched with no. 2 or no. 5 Ethibond suture. 

They are dissected proximally using sharp and blunt 

dissection. Fibrous bands to the medial head of the gas- 

trocnemius should be sought and must be completely re- 

leased before proceeding with tendon stripping. 

A closed tendon stripper is used to dissect the tendons 

free proximally. Firm, steady longitudinal retraction is 

placed on the tendons individually as the tendon stripper 

is gently and slowly advanced proximally collinear to the 

vector of pull of the tendon. 

= Alternatively, the tendons can be left attached dis- 
tally and an open tendon stripper used to release the 
tendons proximally. 

The tendons are taken to the back table and excess mus- 

cle is removed by scraping with the side of a no. 15 blade 

or a Freer. 

The ends are whipstitched with no. 2 or no. 5 Ethibond 

suture. 

The tendons are folded over a closed loop EndoButton. 

The graft diameter is sized and the graft is placed under 

tension with wet gauze around it. 


Arthroscopy 


Arthroscopy of the knee is then performed through stan- 
dard anterolateral viewing and anteromedial working 
portals. 


Management of meniscal injury or chondral injury is per- 
formed if present. 

The ACL remnant is excised with the use of biting instru- 
ments and the shaver to reveal the anatomic footprint 
on the tibia and the over-the-top position on the femur. 
Minimal notchplasty is performed to avoid iatrogenic in- 
jury to the perichondrial ring of the distal femoral physis, 
which is very close to the over-the-top position (see Fig 1).? 


Tibial Tunnel Preparation 


A tibial tunnel guide (set at 50 to 55 degrees) is used 
through the anteromedial portal. 

The hamstrings harvest incision is used and a guidewire is 
drilled into the posterior aspect of the ACL tibial footprint. 
The guidewire entry point on the tibia should be kept 
medial to avoid injury to the tibial tubercle apophysis. 
The guidewire is reamed with the appropriate-diameter 
reamer based on the size of the graft. 

Excess soft tissue around the tibial tunnel is excised to 
avoid the formation of a cyclops lesion, which may limit 
postoperative ROM. 

The posterior rim of the tunnel is smoothed with a rasp 
to prevent graft abrasion over a sharp tunnel edge. 


Femoral Tunnel Preparation 


The transtibial over-the-top guide of the appropriate 
offset to ensure a 1-mm or 2-mm back wall is passed 
through the tibial tunnel and hooked around the back 
wall of the femur in the notch. Rotating the guide and 
slightly extending the knee help facilitate passage past 
the posterior cruciate ligament. 

It is rotated to the 10:30 position on a right knee (1:30 on 
a left knee) and used to pass the femoral guide pin. 
The femoral guide pin is overdrilled with the EndoButton 
reamer. 

Both are removed and a depth gauge is used to measure 
the femoral tunnel length. 

The guide pin is replaced and brought through the distal 
lateral thigh. 

The femur is reamed to the appropriate depth (femoral 
tunnel length — EndoButton length + 6 to 7 mm to flip 
the EndoButton). 


Graft Passage and Fixation 


The no. 5 Ethibond sutures on the EndoButton are placed 
in the slot of the guidewire and pulled through the tibial 
tunnel, through the femoral tunnel, and out the lateral 
thigh. 

One set of sutures is used to “lead” the EndoButton, 
while the other set of sutures is used to “follow.” The 
lead sutures are used to pull the graft through the tibial 
tunnel and into the femoral tunnel (TECH FIG 4A). 
Once the graft is fully seated in the femoral tunnel, the 
“follow” sutures are pulled to flip the EndoButton 


149 








150 


Section I| ARTHROSCOPIC AND SPORTS MEDICINE 


(TECH FIG 4B). The flip can be palpated in the thigh, 
and tension is applied to the graft to ensure that there 
is no graft slippage. 

The knee is then extended to ensure that there is no 
graft impingement and cycled about 10 times with ten- 
sion applied to the graft. 

The knee is flexed to 20 to 30 degrees, tension is applied 


On the tibial side, the graft is fixed either with a soft tis- 
sue interference screw if there is adequate tunnel dis- 
tance (at least 30 mm) below the physis to ensure meta- 
physeal placement of the screw or with a post and spiked 
washer (TECH FIG 4C,D). 

Fluoroscopy can be used to ensure that the fixation is 
away from the physis. 


to the graft, and a posterior force is placed on the tibia. 





TECH FIG 4 e Graft passage and fixation for transphyseal reconstruction with metaphyseal fixation. A. The “lead” 
sutures (b/ue) are used to advance the EndoButton and graft through the tibial tunnel and into the femoral tunnel. 
B. Once the EndoButton is through the femoral cortex completely, pulling (7) on the other set of “follow” sutures (red) 
“flips” (2) the EndoButton perpendicular to the cortex. Pulling on the graft (3) seats the EndoButton and ensures sta- 
ble fixation of the graft. C. Tibial fixation is with an interference screw if enough graft and tunnel length is present 
inferior to the proximal tibial physis. D. Alternatively, a post and spiked washer may be used. 





PEARLS AND PITFALLS 


History and physical 
examination 





= Because of normal physiologic laxity in adolescents, physical examination findings should always be 
compared to the opposite side. 


Diagnostic imaging = MRI in skeletally immature knees is less sensitive and specific for evaluating ACL tears than in adult knees. 


Graft preparation = With the physeal-sparing approach, the surgeon should avoid having too short of a graft to adequately 
secure to the tibia by harvesting a long enough strip of iliotibial band fascia. 

# With autograft hamstring harvest, care should be taken to clear all bands attached to the hamstring 
tendons before performing tendon stripping. 


™ Grafts should be handled carefully and secured while waiting for insertion. 


Arthroscopy =™ The surgeon should avoid dissection or notching around the posterolateral aspect of the physis during 
over-the-top nonphyseal femoral placement to avoid potential injury to the perichondrial ring and 


subsequent deformity. 


Tunnel preparation =™ Large tunnels should be avoided as the likelihood of arrest is increased with greater violation of 


epiphyseal plate cross-sectional area. 


Graft fixation = The surgeon should avoid fixation that crosses the physis, particularly across the lateral distal femoral 
epiphyseal plate, which seems to have the greatest risk of producing a growth disturbance.”? 
® For tibial fixation while performing the physeal-sparing technique, the surgeon should stay medial to 


avoid damage to the vulnerable tibial tubercle physis. 


Postoperative care = The patient’s emotional maturity and ability to comply with postoperative rehabilitation protocols 
should be factored into the clinician’s recommendations. Slower rehabilitation protocols should be used 


for some patients. 
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POSTOPERATIVE CARE 


=" Rehabilitation after ACL reconstruction in skeletally imma- 
ture patients is essential to ensure a good outcome, allow re- 
turn to sports, and avoid reinjury. 

=" Rehabilitation in prepubescent children can be challenging. 
A therapist who is used to working with children and can 
make therapy interesting and fun is very helpful. 

=" Compliance with therapy and restrictions should be care- 
fully monitored. 

=" Weight bearing is limited to touch-down weight bearing for 6 
weeks for the physeal-sparing technique and for 2 weeks for the 
transphyseal technique in adolescents with growth remaining. 
= A protective brace is used for 6 weeks postoperatively. 

=" ROM is limited from 0 to 90 degrees for the first 2 weeks, 
followed by progressive full ROM. 

= A continuous passive motion (CPM) machine from 0 to 90 
degrees and cryotherapy are used for 2 weeks postoperatively. 
=" Progressive supervised rehabilitation consists of ROM 
exercises, patellar mobilization, electrical stimulation, pool ther- 
apy (if available), proprioception exercises, and closed-chain 
strengthening during the first 3 months postoperatively. A run- 
ning program that progresses through straight-line jogging, ply- 
ometric exercises, and finally sport-specific exercises follows. 

= Return to full activity, including cutting sports, is usually al- 
lowed at 6 months if the patient has achieved full ROM, has 
90% strength compared to the uninjured leg, and can perform 
a single-leg hop to 90% of the uninjured leg. 

= A functional knee brace is routinely used during cutting and 
pivoting activities for the first 2 years after return to sports. 


OUTCOMES 


=" Performed properly, physeal-sparing combined intra-articu- 
lar and extra-articular ACL reconstruction using iliotibial 
band in preadolescent skeletally immature patients appears to 
provide an excellent functional outcome, with a low revision 
rate and a minimal risk of growth disturbance. 

= The largest study of outcomes after physeal-sparing recon- 
struction noted a 4.5% revision rate for graft failure at 4.7 and 
8.3 years postoperatively, which is comparable to rates for re- 
constructive procedures in adults (2.3% to 5.3%).°'* 

=" No cases of significant angular deformity measured radi- 
ographically or leg-length discrepancy measured clinically were 
noted in this series. 


COMPLICATIONS 


" Growth disturbance 
" Leg-length discrepancy 


= Distal femoral valgus 
" Tibial recurvatum with an arrest of the tibial tubercle 
apophysis 
= Arthrofibrosis, particularly loss of extension 
=" Graft failure 
=" Recurrent instability despite an intact graft, requiring revi- 
sion to more anatomic reconstruction at skeletal maturity 
= Tunnel widening 
= Infection 
=" Deep venous thrombosis 
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Arthroscopic Drilling of 
Osteochondritis Dissecans 


Theodore J. Ganley, Gilbert Chan, and Aaron B. Heath 


DEFINITION 


=" Osteochondritis dissecans (OCD) is a relatively common 
cause of knee pain and dysfunction in children, adolescents, 
and young adults. 

" OCD is an acquired potentially reversible idiopathic 
lesion of subchondral bone resulting in delamination and 
sequestration with or without articular involvement and 
instability. 


ANATOMY 


= Initially, softening of the subchondral bone and overlying 
articular cartilage is noted with an intact articular surface; this 
can progress to early articular cartilage separation and later 
osteochondral separation. 


PATHOGENESIS 


= Although the exact pathogenesis of OCD is unknown, 
several factors have been historically implicated, including 
repetitive trauma, ischemia, inflammation, accessory centers 
of ossification, and genetic factors. 

=" Overall it is likely that chronic repetitive microtrauma 
potentially leads to microfractures causing focal subchondral 
ischemia or alteration of growth. Some patients are believed 
to have a genetic, biochemical, or behavioral predisposition 
toward this condition. 

= The name “osteochondritis dissecans” implies that this con- 
dition has an inflammatory etiology, but further study has not 
supported inflammation as a primary cause of OCD. 

= Although abnormalities in ossification do not account for 
most cases of OCD as proposed by Ribbing in 1955,'° some 
incidentally found lateral femoral condyle lesions in younger 
children that resolve spontaneously may represent ossification 
variants. 

= Based on their anatomic and histologic findings, Green and 
Banks® proposed that ischemia was implicated in OCD, 
although further studies have failed to find a relative ischemic 
watershed of the lateral aspect of the medial femoral condyle, 
suggesting that this is not the primary causative factor. 

= Petrie'* found OCD in 1 of 86 first-degree relatives, although 
Mubarak and Carroll’? reported 12 instances of family mem- 
bers with OCD over the course of four generations. While some 
familial tendencies exist, it is widely believed that the most com- 
mon form of OCD is not familial. 

= In 1933, Fairbanks® suggested that OCD might be due to a 
“violent rotation inwards of the tibia, driving the tibial spine 
against the inner condyle.” Although isolated acute trauma 
and anterior tibial spine impingement may not be the etiology 
of lesions in the most common location of the posterolateral 
aspect of the medial femoral condyle, the frequent occurrence 
of OCD in patients who are involved in sports with repetitive 
impact supports a repetitive microtrauma etiology. 
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NATURAL HISTORY 


=" Crawfurd and associates” followed 21 patients with unde- 
tached lesions left in situ with an average follow-up of 7.5 years. 
=" Healing was noted in the medial femoral condyle in 3 of 
10 patients; healing elsewhere was noted in 10 of 11 patients.” 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Physical examination findings are often subtle. 
= Children and adolescents with stable OCD lesions may 
walk with a slight antalgic gait. 
" In late presentations in which an osteochondral flap or 
loose body is present, classic biomechanical symptoms includ- 
ing locking, catching, buckling, and giving way may occur. 
=" With careful palpation through varying amounts of knee 
flexion, a point of maximal tenderness often can be located 
over the anterior medial aspect of the knee. The tender area 
corresponds to the lesion, usually on the lateral aspect of the 
distal medial femoral condyle. 
=" With stable lesions, knee effusion, crepitus, and extreme 
pain through a normal range of motion are rarely observed. 
=" The Wilson sign may be helpful but is often not present. The 
Wilson test is performed by starting with the knee flexed to 
90 degrees. The tibia is then internally rotated as the knee is 
extended from 90 degrees toward full extension. 
= In a positive Wilson test, pain is elicited over the anterior 
aspect of the medial femoral condyle. This pain has been 
described as resulting from contact of the medial tibial emi- 
nence with the OCD lesion. 
=" The mechanical symptoms are more pronounced in the un- 
usual circumstance in which the child or adolescent presents 
with an unstable lesion. An antalgic gait is common, and there 
is usually a knee effusion, possibly associated with crepitus, as 
the knee is taken through a range of motion. 
= In stable and unstable presentations, both knees should be 
examined to determine whether the condition is bilateral. 
Ipsilateral quadriceps atrophy may also be noted if the patient 
has been having pain for more than an extended period of 
time. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Imaging protocols have received close attention in the litera- 
ture as a result of the varied success of nonoperative treatment. 
The goals of imaging are to characterize the lesion, determine 
the prognosis of nonoperative management, and monitor the 
healing of the lesion. 
=" Imaging workup begins with plain radiographs, including 
anteroposterior (AP), lateral, and tunnel views (FIG 1A-C). 
" The tunnel view is particularly valuable since the typical 
OCD lesion is located on the flexion surface of the lateral 
aspect of the medial femoral condyle. 
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=" A Merchant view should be included to best reveal any 
OCD lesions of the patella or trochlea. 
= Plain radiographs usually characterize and localize the le- 
sion and rule out other bony pathology of the knee region. 
=" MRI is most useful for determining the size of the lesion 
and the status of the cartilage and subchondral bone 
(FIG 1D,E). 
" The extent of bony edema, the presence of a high-signal 
zone beneath the fragment, and the presence of other loose 
bodies are also important findings on initial MRI. 
=" While less commonly used, technetium bone scans have 
been employed to provide information about the biologic 
capacity of an OCD lesion to heal. 


DIFFERENTIAL DIAGNOSIS 


" Irregular ossification 
= Acute osteochondral fractures 
=" Meniscal injuries 


NONOPERATIVE MANAGEMENT 


= An initial course of nonoperative management is the treat- 
ment of choice for skeletally immature children with small 
intact lesions. 

=" Controversy exists regarding the ideal nonoperative man- 
agement for these patients. Clinicians who adhere to treating 
the subchondral bone as the primary source of pathology 
favor a period of immobilization. Those whose focus is on the 
articular cartilage as a source of pathology tend to favor main- 
taining mobilization. 

=" The options for immobilization include casting, bracing, 
and standard knee immobilization. 

=" We recommend a three-phase approach to the nonoperative 
management of OCD lesions. 





FIG 1 « AP (A) and lateral (B) radi- 
ographs of the knee demonstrating 
osteochondritis dissecans lesion. 

C. Tunnel view of the knee is partic- 
ularly useful in lesions over the flex- 
ion surface of the medial femoral 
condyle. D,E. T1-weighted MR im- 
ages of the knee demonstrating 
extent of osteochondritis dissecans 
lesion. 


=" Phase I 
Weeks 1 to 6 


~ Knee immobilization in a hinged brace. The patient 
may walk with the hinged brace locked in extension. The 
brace may be unlocked to work on range of motion for 5 
minutes 5 times per day. 
= Phase II 
Weeks 6 to 12 
If the patient is pain-free and radiographs show signs of 
healing after 6 weeks, he or she is allowed to begin weight 
bearing without immobilization and to begin a physical 
therapy protocol to improve knee range of motion and 
quadriceps and hamstring strength. 
" Phase III 

_ This phase is instituted if the patient continues to remain 
pain-free and shows radiographic evidence of healing. 
' This phase begins typically 3 months after treatment. 
Running, jumping, and cutting sports are permitted under 
close observation. 
- High-impact activities and activities that might involve 
shear stress to the knee should be restricted until the child 
has been pain-free for several months and the radiographs 
show a healed lesion. 

= The goal of nonoperative intervention is to promote healing 

in the subchondral bone and potentially prevent chondral col- 

lapse, subsequent fracture, and crater formation. 


SURGICAL MANAGEMENT 


=" It is widely accepted that operative treatment should be 
considered for patients with unstable or detached lesions, and 
in patients whose lesions have not resolved with an appropri- 
ate period of nonoperative management, especially in those 
approaching skeletal maturity. 





154 


=" Operative treatment is recommended if one or more 
of the following conditions are met: persistently sympto- 
matic juvenile lesions, the presence of symptomatic loose 
bodies, predicted physeal closure within 1 year, or fragment 
detachment. 

= The goals of operative treatment are to promote healing of 
subchondral bone, to maintain joint congruity, to fix rigidly 
unstable fragments, and to replace osteochondral defects with 
cells that can replace and grow cartilage. 

=" Optimal surgical treatment provides a stable construct of 
subchondral bone, calcified tidemark, and repair cartilage 
with viability and biomechanical properties equivalent to or 
similar to native hyaline cartilage. 


Preoperative Planning 


= Careful preoperative evaluation and preparation are always 
imperative to the success of treatment. 

= All imaging studies obtained before surgery should be re- 
viewed. If the avulsed fragment has a relatively large osseous 
component, then plain radiographs will usually demonstrate 
the lesion. However, radiographs do not demonstrate the 
actual size of the cartilaginous component. To demonstrate the 
cartilaginous component, MRI may be required to determine 
the extent of the lesion. Any other lesion noted on imaging 
studies should likewise be addressed. 
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=" A thorough physical examination should be performed 

under anesthesia. 

Positioning 

=" For arthroscopic procedures, the position largely depends 

on the surgeon’s preference. A variety of positions can be used. 
" The leg can be placed in a leg holder on the operating 
table with the knee joint past the end of the operating table, 
thus allowing the knee to flex 90 degrees and the lower leg 
to hang freely. 
= The leg can be placed supine on the operating table, with 
the hip flexed and the knee flexed 90 degrees. The knee can 
be flexed and the lower leg can in this case hang freely over 
the side of the operating table. 


Approach 


=" Standard arthroscopic parapatellar portals are initially used 
(FIG 2A). 
= Accessory portals may be created higher or lower to the 
standard parapatellar portals if the lesion is excessively large 
or in an atypical location. 
= Transarticular drilling can be used for intact lesions, but it 
is particularly valuable when the lesion is detached, partially 
detached, or unstable (FIG 2B). 
= Epiphyseal drilling is reserved for cases with intact lesions 
(FIG 2C). 
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FIG 2 © A. Standard arthroscopic portals are used for arthroscopic drilling techniques. Accessory 
portals can be used for visualizing or treating lesions at the patellotrochlear interval. B,C. 
Arthroscopic drilling of an osteochondritis dissecans lesion by way of the transarticular and 


epiphyseal approaches, respectively. 





ARTHROSCOPIC DRILLING OF INTACT OCD LESIONS 


The knee is exsanguinated and the tourniquet applied. 
An anterolateral portal is made for visualization and an 
anteromedial portal is made for instrumentation. 

A complete arthroscopic inspection of the knee is per- 
formed. Any other pathologies in the knee are recorded 
and treated accordingly. 


Transarticular Drilling 


The lesion is identified (TECH FIG 1A). 

A 0.62-inch Kirschner wire is positioned perpendicular to 
the lesion (TECH FIG 1B). The portal used depends on 
the location of the defect. 


= The key is to keep the Kirschner wire as perpendicu- 
lar as possible. Additional portals as well as varying 
the degree of knee flexion and extension may be 
used as needed to achieve adequate position. 
= The drilling is performed under arthroscopic visuali- 
zation. 
= Appropriate depth of penetration is confirmed by the 
efflux of blood or fat from the drilled holes (TECH 
FIG 1C,D). 
= The drilling should be performed through the calcified 
tidemark in immature patients, taking care not to pene- 
trate the physis. 
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TECH FIG 1 « A. The knee is inspected and the lesion is identified. The solid arrow shows the intact cartilage side and 
the open arrow shows the osteochondritis dissecans side. B. A Kirschner wire is shown superimposed over a T1-weighted 
MRI. The arrow shows the direction of drilling. The smooth 0.62-inch Kirschner wire should be kept as perpendicular 
to the lesion as possible to prevent undermining the defect. C,D. The appearance of fat or blood demonstrates that 
subchondral bone has been penetrated. 


The Kirschner wire is kept as perpendicular to the lesion 

as possible. 

= The position and depth of the Kirschner wires are con- 
firmed using fluoroscopy. 

= Kirschner wires are inserted through the lesion several 
millimeters apart as needed. 

= Final inspection of the knee is performed and the 
Kirschner wires and instrumentation are removed. 

=™ Closure of the knee is performed and sterile dressing is 

applied before placing the knee in a knee immobilizer. 


Epiphyseal Drilling " 

= Once complete inspection has been performed, a 0.62- 
inch Kirschner wire is directed toward the lesion in a 
proximal-to-distal direction with fluoroscopic guidance 
and a guide (TECH FIG 2) to help maintain an appropri- 
ate angle. 
=" The starting point of the Kirschner wire is immedi- 

ately distal to the physis to avoid any damage. 

= The Kirschner wire is slowly advanced through the sub- 
chondral bone, taking care not to penetrate the articular 
cartilage. 





TECH FIG 2 e Appropriate guides can be used for antegrade 
arthroscopic drilling. 


ARTHROSCOPIC DRILLING OF HINGED OCD LESIONS 


The entire lesion is assessed and the bed is prepared. A 
débridement is performed until all granulation tissue 
and sclerotic bone beneath the flap is removed and sub- 
chondral bone is reached. 

In deep lesions, autograft or allograft cancellous bone 
grafting may be required to ensure that the hinged por- 
tion of the lesion is not recessed relative to the remain- 
ing unaffected cartilage within the knee. 

The lesion is reduced into its bed and fixed with a variety 
of implants, such as cannulated screws and Herbert 
screws. The fixation devices may be made of metal or 
bioabsorbable materials. The implant used depends on 


which there is appropriate subchondral support 
(TECH FIG 3). 

Once the lesion is secured, drilling may be performed to 
augment healing. 





the surgeon’s preference. 
= We prefer to use small bioabsorbable double-ended 
threaded compression screws for hinged lesions in 


TECH FIG 3 « Small bioabsorbable double-ended threaded 
compression screws are used for hinged lesions in which there 
is appropriate subchondral support. 
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ARTHROSCOPIC DRILLING OF UNSTABLE OCD LESIONS 


The knee joint is inspected and loose fragments are re- 
moved from the knee joint as necessary (TECH FIG 4A-C). 
The bed of the lesion is inspected and a débridement is 
performed to remove any granulation tissue and scle- 


its bed. A variety of implants may be used to secure the 
lesion based on the surgeon’s preference. 

= The joint is inspected before final closure. 
The arthroscopic instrumentation is removed and the 


rotic bone (TECH FIG 4D-F). 
= In reducible lesions, the fragment is prepared as neces- ® 
sary by trimming the edges and securing the lesion into 


arthroscopic portals are closed. 
The knee is placed in a hinged knee brace. 





TECH FIG 4° A. The lesion is identified. B,C. Any loose boa- 
ies within the joint that cannot be reduced appropriately 
are removed. D,E. Débridement of the lesion is performed 
until subchondral bone is reached, after which arthroscopic 
drilling is performed using a 0.62-inch Kirschner wire. Drill 
holes are added appropriately. F. The appearance of blood 
or fat marks the endpoint of drilling. 





PEARLS AND PITFALLS 


Surgical technique 





= Careful review of all prior imaging modalities and a complete clinical evaluation is 
performed before surgery. 


Transarticular drilling = The Kirschner wires should be kept as perpendicular to the lesion as possible to prevent 


detaching or undermining the lesion. This technique is indicated for intact OCD lesions. 


= For patients with full-thickness lesions: 

" Continuous passive motion (CPM) has been used to en- 
hance the healing of the articular surface in the postoperative 
period for patients with full-thickness lesions. We prefer 
6 weeks of CPM use. 

=" CPM was shown to promote articular cartilage healing for 
moderately small lesions in rabbits (less than 3 mm in diam- 
eter). Similar effects were found in humans with predomi- 
nantly 1- to 2-cm lesions by Rodrigo and colleagues;'’ they 
reported that CPM for 6 hours per day for 8 weeks produced 
an improved clinical result. 

" Regardless of the treatment selected, the patient should 
have a rehabilitation program that combines protection of 
the compromised articular surface and underlying subchon- 
dral bone with maintenance of strength and range of motion. 
" Straight-leg raising and isometric exercises can be per- 
formed in the postoperative or immobilization period. In 
general, the straight-leg raising exercises are performed 
without resistance initially and advanced by adding 2 to 


POSTOPERATIVE CARE 


= For patients with intact lesions: 
=" We use a hinged knee brace in extension or slight flexion 
for 4 to 6 weeks. 
" Patients are permitted partial (1st week) then complete 
weight bearing with brace locked in extension. 
" This allows compression to stimulate healing while high- 
impact running and jumping activities are eliminated. 
= After the hinged brace is removed, patients are sent to 
physical therapy, where range-of-motion and strengthening 
exercises are performed. 
" Patients are restricted from running and jumping during 
weeks 6 through 12. 
= After 3 months repeat imaging (AP, lateral, notch, and 
tunnel views) is obtained. 
" Healing is typically noted in intact lesions. Occasionally 
the lesion is not completely healed and another 2 to 
3 months of activity restriction are maintained until 
complete healing. 


Chapter 24 ARTHROSCOPIC DRILLING OF OSTEOCHONDRITIS DISSECANS 157 


3 pounds per week, or as tolerated, until 10% of the pa- 
tient’s body weight is reached. 

= A 6- to 8-week home or formal physical therapy program 
is instituted, incorporating range of motion, stretching, 
progressive strengthening, and functional or sport-specific 
training. 

" Closed-kinetic-chain exercises are initiated on the sixth 
week. During this time, the patients are kept out of running 
and jumping sports but are permitted to perform low-impact 
activities such as walking, submaximal biking, swimming, 
and activities of daily living. 

= All high-impact activities are limited until 6 months after 
surgery for those patients treated for full-thickness lesions. 
" If patients return to activity before the cartilage has become 
firm, they will typically complain of pain with maneuvers 
such as squatting or jumping. 


OUTCOMES 


=" Nonsurgical treatment is often regarded as the treatment of 
choice for small stable lesions in skeletally immature patients. 
Typically a period of 3 to 6 months of nonoperative treatment 
is instituted, with numerous authors reporting a success rate of 
50% to 94% 74619 

= Skeletally immature patients with wide open physes and no 
signs of instability on MRI are more likely to respond to non- 
operative measures. '° 

= Bradley and Dandy? reviewed 11 knees in 10 children treated 
with arthroscopic drilling and found evidence of healing in 9 of 
11 knees after 12 months. 

= Aglietti and coworkers’ reviewed 14 children (16 knees) 
treated with transarticular drilling after 1 year of conservative 
management and found all cases progressed to healing after 
treatment. 

=" Kocher and associates’? reviewed 30 knees in 23 patients 
treated with arthroscopic transarticular drilling after 6 months 
of conservative therapy. All patients who failed to respond to 
nonoperative measures were noted to have healed after drilling. 


COMPLICATIONS 


=" Potential failure to heal, especially in older adolescents 
treated nonsurgically. The prognosis for OCD lesions is worse 
in those patients who have reached skeletal maturity. Patients 
who have been treated nonsurgically and have not shown 
progressive healing and those patients with large lesions that 


are approaching skeletal maturity are therefore treated surgi- 
cally to promote healing. 
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Chapter 25 


Meniscoplasty for Discoid 
Lateral Meniscus 


' 


Jay C. Albright 


DEFINITION 


= A discoid meniscus is abnormal in both thickness and amount 
of covering or interposition of the compartment or plateau. 

=" Over 99% of cases occur on the lateral side of the knee, with 
an overall incidence of 1% to 15% of the general population. 
=" Ten percent of children found to have a discoid meniscus 
will have it bilaterally. 


ANATOMY 


=" Three types of discoid meniscus are described: complete 
(covering entire compartment), incomplete (on partial com- 
partment covering), and Wrisberg (complete or incomplete 
compartment covering with no peripheral attachments.” 

=" Wrisberg type is by definition unstable, allowing displace- 
ment, popping, and locking as well. 


PATHOGENESIS 


= It arises either congenitally or through abnormal develop- 
ment. No cases have been found in autopsies of fetal deaths or 
stillborns. 


NATURAL HISTORY 


=" Discoid menisci have frequently been found at autopsy in 
elderly, reportedly asymptomatic people. 

= Frequently it is an incidental finding. 

=" Symptoms typically present in the late first or early second 
decade of life but may occur at any age.° 

=" Symptoms are pain with or without loss of motion. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The common presentation is a young child (younger than 
10 years) with a catch or popping of the lateral side of the 
knee with motion, with or without pain. 
= Some patients describe true mechanical locking symptoms. 
=" The patient may present with painful or painless loss of 
motion. 
=" The clinical examination may show a hypermobile lateral 
meniscus with palpable, audible, and frequently visual meniscal 
instability. 
= Effusion is a common finding. Objective signs of swelling 
with or without activity indicate irritation of the joint and 
possible tearing. 
= Loss of extension and joint line tenderness are also common.* 
= A discoid meniscus with a tear or instability will click or pop 
and may be uncomfortable. The results of the McMurray test 
will help with diagnosis. 

" Positive: pain and a pop or click 

= Negative: no pain and no pop or click 

" Equivocal: pop or click or pain without the other 
= Significant mobility of the lateral meniscus, while not un- 
common, normally may indicate a discoid meniscus. 
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" In children, varus instability may be due to accommodation 
of the large discoid lateral meniscus. Collateral ligament test 
results are important. 

" Normal: symmetric to the opposite side 

= Mild: 1 to 3 mm of increased laxity from the opposite side 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographs may show flattening or sloping of the lateral 
femoral condyle, with widening of the lateral compartment 
compared to the medial compartment (FIG 1A). 
=" MRI will show the discoid meniscus the best (FIG 1B). 
" A discoid meniscus will be thicker and wider than a 
normal meniscus. 
" Frequently signal change is present in the center of the dis- 
coid meniscus; this could represent a tear or degenerative 
tissue.’ 
" There should be no more than three consecutive 3-mm 
cuts of the body of a meniscus on the sagittal view before it 
is separated into an anterior and posterior horn. Coronal 
cuts may also show a wide, thickened meniscus (more than 
12 to 15 mm). 





FIG 1° A. Radiographs may show no significant changes, 
although there may be a widened lateral joint on weight- 
bearing views, and relative flattening of the lateral femoral 
condyle may be present. B. MRI shows the discoid meniscus 
clearly with a thickened, wide meniscus that also has abnor- 
mal signal intensity throughout the lateral meniscus. 
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DIFFERENTIAL DIAGNOSIS 


=" Meniscal cyst 

= ‘Tear in a normal meniscus 

Anterior cruciate ligament tear 
Hypermobile lateral meniscus 
Osteochondritis dissecans 
Patellofemoral instability or dislocation 


NONOPERATIVE MANAGEMENT 


= If there is no loss of motion or locking, a period of nonop- 
erative management is the first line of defense. 

= Nonoperative treatment consists of activity modifications, 
anti-inflammatory medications, and swelling control (ice, ele- 
vation, and compression). 

= Patients with intermittent symptoms only that can be con- 
trolled with mild doses of nonsteroidal anti-inflammatories are 
candidates for nonoperative management. 


SURGICAL MANAGEMENT 


= If locking, loss of motion, or persistent pain and disability 
exists despite nonoperative management, surgical intervention 
is indicated.” 


Preoperative Planning 


=" The surgeon should review imaging studies to evaluate the 
likelihood of a tear or the presence of other pathology. 

= The knee examination is repeated under anesthesia, includ- 
ing ligamentous testing, range of motion, and the McMurray 
test to evaluate whether significant lateral meniscal instability 
is present. 
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=" May indicate higher likelihood of the Wrisberg type of dis- 
coid meniscus. 

Positioning 

= The patient is positioned supine. 

= A tourniquet is placed on the proximal thigh of the opera- 
tive leg over padding. 

= A leg holder is placed over the tourniquet. 

=" The opposite leg is padded and is placed in slight flexion at 
the hip. 

= The foot of the bed is flexed 90 degrees, allowing both legs 
to flex 90 degrees over the edge of the table. 


Approach 


= Three standard arthroscopic portals are established with a no. 
11 blade through stab incisions: inferolateral parapatellar portal 
for scope visualization, inferomedial parapatellar portal for in- 
struments, and lateral suprapatellar pouch portal for outflow. 

= An accessory anterolateral portal may be established for an- 
other working portal. 

= If the remnant of the discoid meniscus is unstable or torn, 
requiring fixation or stabilization, a posterolateral approach 
should be made for inside-out suture fixation. 

= A lateral incision is made from the joint line distally by 2 
cm, longitudinally in line with the posterior aspect of the fibu- 
lar head. 

=" The interval between the biceps femoris and the iliotibial 
band is entered, as is the space deep to the lateral head of the 
gastrocnemius. 

= A posterior knee retractor is placed in this interval as far me- 
dially as possible to protect the neurovascular bundle. 


ARTHROSCOPIC SAUCERIZATION OF A DISCOID LATERAL MENISCUS 


After systematic arthroscopic evaluation of the knee is 
performed, the lateral compartment is opened in the 
figure 4 position. 

The type of discoid meniscus is determined using a probe 
sequentially over and under the posterior horn of the 
meniscus, pulling forward to evaluate displacement. 
Displacement of more than 40% to 50% anteriorly 
is unstable and requires stabilization with suture 
fixation. 

Determining peripheral instability may be difficult until 
the meniscoplasty is at least partly completed. 

Starting in the notch, the free edge of the discoid menis- 
cus is identified (TECH FIG 1A-C). 





At this point an arthroscopic basket or a meniscal knife 
can be used to incise and remove the meniscus coronally 
from the notch toward the body of the meniscus. 

The surgeon should stop about 15 mm from the lateral 
edge of the meniscus to leave ample residual rim. 

A combination of arthroscopic baskets (angled, straight, 
up-biters, back-biters, and 90-degree side-biters) and 
shaver is employed to piecemeal the posterior and ante- 
rior aspects of the discoid meniscus (TECH FIG 1D-G). 

=" A meniscal rim of about 15 mm is maintained. 
Attempts to thin the remainder of the thickened rem- 
nant should be done with care but can be performed 
with an aggressive shaver, baskets, or both.? 





TECH FIG 1 e Complete discoid lateral meniscus, visualization, and probing of anterior cruciate ligament 
(A); complete discoid with a tear visualized through the notch (B). C. Evaluation of the depth of the tear. 
(continued) 
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Portal placement 


Meniscal handling 


Failure to recognize instability 


Failure of stabilization 


Leaving the right amount 
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TECH FIG 1 e (continued) D. Initiation of saucerization through access 
point of the notch. E. Use of a shaver to remove loose pieces as well as 
shape the meniscus. F. Final appearance after saucerization. G. When 
the meniscus is unstable, suture techniques may be necessary for stabi- 
lization, as demonstrated with repeat probing after one all-inside device 
was needed to stabilize this meniscus. 


ALTERNATIVE TECHNIQUE FOR MENISCOPLASTY 


The accessory anterolateral portal is made under direct 
visualization to ensure that there is no inadvertent dam- 
age of the peripheral meniscus. 

The free edge of the discoid meniscus is grabbed with an 
arthroscopic locking grasper through the medial portal. 
A meniscal knife is carefully placed through the acces- 
sory lateral portal, ideally with a protective cannula or 
a sheath. 

Under tension, the discoid meniscus is incised from the an- 
terior notch, leaving about 15 mm of anterior rim, di- 
rected toward the junction of the anterior horn and body. 
The surgeon should keep in mind the normal curved 
architecture of the meniscus. 


PEARLS AND PITFALLS 


Indications 


At this point the surgeon may need to regrasp the free 
edge of the discoid meniscus closer to the leading edge 
of the incised meniscus. 

The knife is then turned to cut along the body of the 
meniscus. 

The surgeon amputates and removes the flap of the cut 
discoid, leaving the posterior portion of the discoid left 
to finish. 

The surgeon piecemeals the remaining excess poste- 
rior aspect of the discoid with arthroscopic biters and 
shaver. 

The remnant is smoothed or thinned with a shaver, 
biters, or both. 





= Locking, loss of motion, or persistent pain 


vision and control. 


= Accessory portals are potentially dangerous; they should be placed under direct arthroscopic 


= A spinal needle is used to identify the level of portal before making the incision. 


= The abnormal meniscus is typically difficult to handle arthroscopically owing to its thickness. All 


the tools at the surgeon’s disposal (biters, shaver, meniscal knives) should be used to shape the 


meniscus. 


= Snapping or pain may be due to a tear of the discoid or an unstable variant. 


= |t may be difficult to identify some unstable menisci on initial evaluation. 
= After saucerization is underway or completed, probing and stability testing are repeated to 
ensure that an unstable variant or tear is not missed. 


® Stabilization of a congenitally unstable meniscus may fail even with meticulous technique. 


# All inside techniques are less successful when used for the lateral meniscus, especially with 


larger tears. 


= Inside-out technique should be used when an unstable or Wrisberg variant is encountered. 
= The surgeon should rasp, irritate, or freshen the vascular portion of the meniscus and the 
synovial lining of the lateral compartment before fixation. 


=™ The surgeon should aim to leave about 8 mm of meniscus behind. 
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POSTOPERATIVE CARE 


=" Weight bearing depends on whether a meniscal repair or 
stabilization was performed. Immediate weight bearing as tol- 
erated with crutches may be instituted if the discoid meniscus 
was saucerized only. 

= If a stabilization or repair was needed, touch-down weight 
bearing with crutches, or wheelchair non-weight bearing for 
young children, is maintained for 4 to 6 weeks. 

=" Immediate motion (at least 0 to 90 degrees) should be initi- 
ated in all children, with full range of motion for saucerization 
without repair. 

=" An Ace bandage is used for edema control as needed. 

= Bracing is typically not needed. For repairs or stabilizations to 
limit meniscal stress, a range-of-motion brace (0 to 90 degrees) 
may be used. 

= Physical therapy is useful for obtaining range of motion, as 
well as initiation of quadriceps activation and strengthening. 


COMPLICATIONS 


=" Infection 
=" Arthrofibrosis 


Iatrogenic damage 

Subtotal or total meniscectomy 
Nerve or peroneal damage 
Failure of stabilization or repair 
Additional surgery 
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DEFINITION 


=" Femoral anteversion is the angle in the transverse plane by 
which the neck of the femur is directed (forward) relative to 
the transcondylar or coronal plane. 


ANATOMY 


=" Femoral anteversion is measured from the projection of the 
femoral neck axis and the transcondylar axis onto the (trans- 
verse) plane perpendicular to the long axis of the femur (FIG 1). 
=" The terms femoral anteversion and femoral torsion are 
sometimes used interchangeably, the latter term preferred by 
those who believe that the orientation of the proximal femur 
relative to the distal condyles is a consequence of torsion oc- 
curring in the shaft of the femur rather than in the neck.®*”?° 


PATHOGENESIS 


= At birth the femoral anteversion is estimated to be 30 to 50 
degrees. 

=" During normal development, as the child crawls, pulls up 
to stand, and then walks, hip extension against the anterior 
iliofemoral ligaments pushes back on the cartilaginous femoral 
head, gradually decreasing the femoral neck anteversion. The 
increased anteversion of infancy “unwinds” spontaneously 
with growth. 

= This natural remodeling process may be impaired because of 
abnormal hip anatomy, developmental delay, abnormal mus- 
cle tone, or ligamentous laxity, resulting in the persistence of 
the increased anteversion of infancy.*' 

= Increased anteversion has been associated with a number of 
clinical conditions, including cerebral palsy, developmental 
hip dysplasia, and Perthes disease.*”*”°'*’** 


NATURAL HISTORY 
Physiologic Anteversion 


=" In some children the increased anteversion of infancy may 
persist without any other identifiable pathology. This is the 


TRANSCONDYLAR AXIS 





FIG 1 © Femoral anteversion is the angle in the transverse plane 
by which the neck of the femur is directed (forward) relative to 
the transcondylar or coronal plane. 
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Proximal Femoral 
Rotational Osteotomy 
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most common cause of in-toeing in children. Most of these cases 
resolve spontaneously with growth by the time of puberty.’ 

=" In a few children, anteversion persists into adolescence. 
Most children compensate well and only in a small minority 
does this interfere with their gait or physical function. 


Cerebral Palsy 


=" Cerebral palsy is associated with developmental delay. By 
the time the child stands or walks, the more ossified femoral 
head and neck is less likely to remodel in response to increas- 
ing hip extension. This may be further compromised because 
of the presence of hip flexion contractures. Furthermore, spas- 
ticity of the muscles that internally rotate the femur, such as 
the medial hamstrings and anterior gluteals, may contribute to 
the development of increased anteversion. Consequently, the 
increased anteversion of infancy may persist or even increase. 
= To seat the femoral heads congruously within the acetabu- 
lum during walking, the limb is internally rotated and the 
pelvis tilted anteriorly (increased lumbar lordosis), resulting in 
significant gait anomalies.*® 
" In the face of increased femoral anteversion, the greater 
trochanter and the insertion of the gluteus medius are lo- 
cated more posterior. This effectively reduces the abductor 
lever arm.' 
= In children with severe nonambulatory cerebral palsy, the 
increased anteversion and coxa valga are features of the hip 
at risk for dislocation. 
=" Increased anteversion is a component of “miserable 
malalignment syndrome,” which has been implicated as a 
source of patellofemoral pain and instability.>>!” 
= There is conflicting evidence linking abnormally increased 
or decreased femoral anteversion with osteoarthritis of the hip 
and knee.*°-?7 
= Slipped capital femoral epiphysis has been associated with 
decreased anteversion or even retroversion.” 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= This is a common cause for in-toeing in children. 

=" Children are more likely to sit in the W position and may 
not be able to sit cross-legged (FIG 2). This is because 
their hips can rotate internally more than they can rotate 
externally. 

=" Normal foot progression angle during walking is 5 to 10 
degrees external. Internal foot progression angle accompanied 
by medial or internal rotation of the knee is attributable to 
increased internal rotation at the hip associated with increased 
femoral anteversion. 

=" Normal or even abnormal external foot progression angle 
may be present in the face of increased femoral anteversion 
when it is accompanied by excessive external tibial torsion. 

=" Examination of the torsional profile in the prone position 
indicates the presence of increased femoral anteversion. The 
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FIG 2 e W-sitting (A) is easier than sitting cross-legged (B) for 
children with increased femoral anteversion. 


arc of internal rotation exceeds the arc of external rotation of 
the hip. 

= The magnitude of anteversion can be quantified by physical 
examination using the palpable prominence of the greater 
trochanter as a proxy for the femoral neck axis. This method, 
first described by Netter,'° was adapted by Ruwe and associ- 
ates,” who also described an intraoperative method to estimate 
anteversion that could be applied at the time of derotational 
osteotomy of the proximal femur. 

=" The accuracy of the physical examination method has been 
evaluated by Davids and coworkers.’ 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" A number of imaging techniques have been described to 
estimate femoral anteversion, including plain radiography,'' 
fluoroscopy, CT,*!**? ultrasonography,”° and MRI’® (FIG 3). 


DIFFERENTIAL DIAGNOSIS 


=" Increased anteversion is encountered in the following 
situations: 
" Physiologic anteversion 
“Miserable malalignment syndrome” 
Cerebral palsy 
Developmental hip dysplasia 
Legg-Calvé-Perthes disease 


NONOPERATIVE MANAGEMENT 


= Attempts to treat increased femoral anteversion with 
twister cables and other braces have been abandoned as 
the natural history of spontaneous remodeling came to be 
understood.?7 


SURGICAL MANAGEMENT 


Indications 


=" Increased anteversion with severe medial rotation of the 
lower extremity and increased internal foot progression angle 
that has failed to resolve by adolescence, and is interfering 
with gait and function due to tripping 

= Increased femoral anteversion associated with increased ex- 
ternal tibial torsion and genu valgum, the so-called miserable 


malalignment syndrome when it is associated with patellar 
instability or patellofemoral pain refractory to nonoperative 
methods of treatment 

= Increased femoral anteversion in children with ambulatory 
cerebral palsy, in whom the increased internal rotation of the 
hip results in significant abductor “lever arm dysfunction,” 
leading to impaired gait efficiency, instability, and tripping. 
Increased femoral anteversion may be accompanied by in- 
creased external tibial torsion, which must be simultaneously 
addressed with internal tibial derotational osteotomies to 
optimize the ultimate foot progression angle while walking. 

= Increased anteversion along with coxa valga is a component 
of the abnormal proximal femoral anatomy in longstanding 
cases of congenital, developmental, or neurogenically acquired 
hip dislocations. In these instances, the proximal femoral 
derotational osteotomy is combined with varusization of the 
femoral neck. The proximal femoral varus derotational 
osteotomy is described in Chapter PE-27. 


Preoperative Planning 


= Preoperative planning involves quantifying the extent of the 
femoral anteversion in order to guide the extent of derotation 
required, 

= Assessment of the torsional profile of the entire limb is 
critical because any proximal corrections will result in distal 
consequenices if distal torsional malalignments are not taken 
into consideration and concurrently addressed. 

=" In most children physical examination by the method de- 
scribed above is adequate to detect the presence of increased 
anteversion and to quantify it accurately enough to guide 
surgical correction. Generally, preoperative axial imaging 
such as CT scan is unnecessary, as the magnitude of intraop- 
erative corrections is also based on the physical examination 
technique. 

=" In children with ambulatory cerebral palsy whose femoral 
anteversion is possibly one of a number of multilevel lower ex- 
tremity soft tissue and bony abnormalities, there may be great 
value in conducting a 3-D gait analysis. Gait analysis provides 
a dynamic assessment that can provide useful transverse plane 
kinematics and kinetics to help guide the decision regarding 
the need for and amount of derotation. 

= Plane radiographs are important, including an anteroposte- 
rior (AP) view of the pelvis to include the proximal femurs and 
frog-leg lateral views of each proximal femur. 





FIG 3 e CT method of estimating femoral anteversion involves 
overlapping images of three slices: the femoral head, the 
femoral neck at the base, and the distal femur through the 
femoral condyles. 
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FIG 4 « A. Supine position. The line of incision along the proximal femur demarcated relative to the top of the greater 
trochanter. B,C. Prone position allows the torsional profile to be estimated intraoperatively. 


Positioning 


= The supine position is preferred when other operations 
necessitating this position are necessary, such as intramus- 
cular psoas lengthening, pelvic osteotomies, or rectus femoris 
transfers (FIG 4A). 

=" The prone position has the advantage of permitting the 
same intraoperative assessment of the torsional profile as the 
preoperative assessment (FIG 4B,C). The exposure is facili- 





The patient is positioned supine on the radiolucent 
table. 

The image intensifier is set up perpendicular to the long 
axis of the table, from the contralateral side, to obtain 
clear AP and frog-leg lateral images of the proximal 
femur. 

Both lower extremities are prepared and draped free 
to permit assessment and comparison of the torsional 
profile. 

A longitudinal incision is made along the lateral aspect 
of the proximal thigh starting at the level of the greater 


tated by the reflected vastus lateralis falling away from the 
field of surgery owing to gravity. 
" The prone position allows other concomitant operations 
to be performed, such as posterior knee (hamstring length- 
ening) or posterior calf surgery. 
= This position does not permit anterior pelvic or hip surgery. 


Approach 


= Standard lateral approach to the proximal femur 





PROXIMAL FEMORAL DEROTATIONAL OSTEOTOMY WITH 90-DEGREE AO 
BLADE PLATE: SUPINE TECHNIQUE 


Positioning, Incision, and Exposure 


trochanteric prominence and extended distally for about 
10 to 12 cm in line with the femur. 

The underlying fascia lata is divided in line with the skin 
incision to expose the vastus lateralis and the overlying 
bursa at the level of the greater trochanter. 

The vastus lateralis is divided transversely at its origin on 
the trochanteric ridge, which corresponds to the inferior 
level of the insertion of the gluteus medius anteriorly 
(TECH FIG 1A). 

The vastus lateralis separation is continued inferiorly in an 
L-shaped manner along its posterior margin just anterior 
to the insertion of the gluteus maximus (TECH FIG 1B). 


TECH FIG 1 © Exposure of the proximal 
femur through a standard lateral ap- 
proach. A. Origin of vastus medialis at the 
trochanteric ridge. B. Detaching the vastus 
lateralis from the trochanteric ridge in L- 
shaped cut. C. Subperiosteal elevation of 
the vastus lateralis from the lateral surface 
of the proximal femur. D. Exposure of the 
lateral surface of proximal femur, with the 
vastus lateralis reflected anteriorly. 
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To minimize injury to the muscle belly, the thin fascia 

over the vastus lateralis is divided along the posterior 

margin close to the linea aspera, and the muscle is 

peeled off the septum with a broad elevator or cautery 

until the subperiosteal surface of the lateral aspect of 

the proximal femur is exposed (TECH FIG 1C). 

Care is taken to identify and cauterize the perforators as 

they are encountered. 

The vastus lateralis is then elevated subperiosteally until 

the lateral surface of the femur is adequately exposed 

for sufficient distance to accommodate the length of the 

blade plate (TECH FIG 1D). 

At the level of the planned osteotomy, at the upper end 

of the lesser trochanter, the periosteum is elevated cir- 

cumferentially with a narrow curved elevator. 

= The transverse osteotomy at this level heals rapidly 
and permits the use of strong internal fixation (blade 
plate), obviating the need for casting or any other ex- 
ternal immobilization. 


Preparation for Osteotomy and 
Fixation 





Using the image intensifier, a guide pin is inserted 
through the middle of the superior portion of the proxi- 
mal femoral neck at an angle that is 90 degrees to the 
long axis of the femur. 

An effective way of ensuring that the initial guide pin is 
in the middle of the femoral neck axis in the transverse 
plane is to internally rotate the lower extremity and hip 
until the prominence of the greater trochanter is directly 
lateral. This usually occurs when the neck axis has been 
horizontalized. 

= With the lower extremity held in this position, the 

guide pin can be inserted parallel to the floor. 


= Because the greater trochanter is set slightly posterior 
relative to the neck axis, the starting point is best 
made in line with the middle of the AP width of the 
femur just distal to the greater trochanter. 

On the AP image the guide pin needs to be sufficiently 

proximal (superior) to provide enough room to permit 

the introduction of the seating chisel inferior to the 

guide pin (TECH FIG 2A). 

On the frog-leg lateral view, the guide pin should lie in 

the middle of the femoral neck in line with the neck axis 

(TECH FIG 2B). 

The seating chisel is then used to create the hole in the 

bone to accommodate the blade plate. 

™" Depending on the age of the child and the size of the 
bone, the matching seating chisel corresponding to 
the appropriately sized blade plate is used (infant, 
toddler, child, adolescent, or adult). 

The seating chisel must be inserted perpendicular to the 

long axis of the femur if derotation is the only objective 

(TECH FIG 2C). Any deviation from the perpendicular on 

the AP view will lead to varus or valgus changes in the 

neck-shaft axis. 

The face of the seating chisel should also be perpendi- 

cular to the long axis (in the sagittal plane) to prevent 

unintended flexion or extension through the osteotomy 

(TECH FIG 2D). 

=" The direction of the seating chisel for the blade plate 
can be adjusted if the guide pin is not perfectly 
aligned. 

Alternatively, if a cannulated seating chisel is available, 

the guide pin must be placed in the correct position for 

the seating chisel. 

=" The disadvantage of a cannulated system is that there 
is no room for error in the placement of the guide 
pin. Furthermore, the blade plate itself is not cannu- 





TECH FIG 2 e Intraoperative C-arm—guided insertion of the seating chisel for the blade plate. 
A. Insertion of the guide pin in the superior part of the neck at right angles to the long axis 
of the femur. B. Position of the guide pin along the midfemoral neck axis in the frog-leg lat- 
eral view. C. Position of the seating chisel parallel to the guide pin and perpendicular to the 
long axis of the femur. D. Position of the seating chisel parallel to the guide pin and along 
the midfemoral neck axis on the frog-leg lateral view. E. The seating chisel is backed out from 
its final position to disimpact the chisel before the osteotomy. 
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TECH FIG 3 ® Completion of transverse osteotomy, derotation, and fixation with 90-degree blade plate. 
A. Level of the osteotomy is at upper end of the lesser trochanter 1.5 cm below the seating chisel. Two 
parallel AP guide pins proximal and distal to the osteotomy line are used to judge the magnitude of 
derotation. B,C. Transverse osteotomy parallel to the seating chisel and perpendicular to the long axis 
of the femur. 


lated, which necessitates removal of the guide pin (in 
addition to the seating chisel) at the time of insertion 
of the blade plate, which removes an important 
guide for its introduction. 

The seating chisel is advanced up to the depth of the se- 

lected blade length. The depth in millimeters of the seat- 

ing chisel is marked on its inferior surface. 

= In older ambulatory children with healthy bone, the 
seating chisel should be intermittently backed out to 
prevent its impaction in the strong bone. 

= It is prudent to back the chisel out, short of its final 
resting position, before completion of the osteotomy 
to facilitate its removal in exchange for the blade 
plate (TECH FIG 2E). 


Osteotomy 


The level of the transverse osteotomy is marked on the 

bone with a marking pen or cautery. This is done about 

1 to 1.5 cm below the level of the seating chisel, at 

the upper end or just proximal to the lesser trochanter 

(TECH FIG 3A). 

The periosteum is elevated circumferentially at this level 

to allow placement of protective retractors during the 

osteotomy. 

Two smooth pins (2.5-mm Kirschner wires) are placed in 

an anterior-to-posterior direction parallel to each other 

and perpendicular to the long axis, just proximal and 

distal to the proposed osteotomy site respectively 

(TECH FIG 3A). 

=" These two pins will serve as useful retractors of the 
vastus lateralis muscle anteriorly, and as joysticks to 
retain effective control of the proximal and distal 
segments after the osteotomy. 

= At the time of the derotation, the angle between the 
distal and proximal pins accurately gauges the magni- 
tude of correction obtained and maintained during 
fixation of the blade plate. 

The transverse osteotomy is completed with an oscillating 

saw directed perpendicular to the long axis of the femur 

and parallel to the seating chisel above (TECH FIG 3B,C). 


Derotation and Fixation 





The seating chisel is removed in exchange for the match- 

ing 90-degree blade plate of appropriate blade length 

(TECH FIG 4A). 

The blade is inserted manually into the seating hole 

using thumb pressure. The blade plate holder is struck 

with a mallet to advance the blade until the plate lies ad- 

jacent to the lateral surface of the femur (TECH FIG 4B). 

The plate is held against the distal segment of the femur 

using a plate-holding clamp such as the Verbrugge clamp 

(TECH FIG 4C). 

Before securing the plate, the lower extremity (along 

with the distal femoral segment) is externally rotated by 

the desired angle of derotation that can be estimated by 

the position of the distal pin relative to the proximal pin 

(TECH FIG 4D). 

= Since the guide pin in the femoral neck has been 
placed along the middle of the neck axis, it is relatively 
simple to estimate the new femoral anteversion. 

= If the lower extremity is held with the patella posi- 
tioned anteriorly, then the angle between the 
femoral neck guide pin and the horizontal plane is 
the new angle of femoral anteversion. 

Once the desired degree of derotation has been set, the 

plate is secured to the bone with standard fully threaded 





TECH FIG 4° A. A 90-degree blade plate of appropriate blade 
length on the handle. B. Insertion of the blade plate after re- 
moval of the seating chisel. (continued) 
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TECH FIG 4 e (continued) C. The plate is held against the femur with a plate-holding (Verbrugge) 
clamp. D. The distal fragment is externally rotated by the desired amount using the two AP pins to 
judge the angle of correction. E. The plate is secured with cortical screws and the osteotomy is com- 
pressed. F. An impacter is used to advance the blade plate to its full depth. G. AP view of the prox- 
imal femur. H. Frog-leg lateral view of the proximal femur. 


cortical screws (3.5 small fragment for the infant and 

toddler blade plates; 4.5 large fragment screws for the 

child size and up). 

=" After fixation with the first screw, the arc of rotation 
is estimated (with the hip extended) using the guide 
pins to quantify the amount of internal and external 
rotation from the neutral position. 

=" At least two of the screws are placed eccentrically to 
compress the osteotomy site (TECH FIG 4E). 

The impacter is used to advance the blade plate to its full 

depth (TECH FIG 4F). 

The guide pins are removed and AP and frog-leg lateral 

images obtained to confirm satisfactory position of the 

blade plate (TECH FIG 4G,H). 


Wound Closure 


three tacking sutures are used to reattach the posterior 
edge of the vastus fascia to the septum. 

The wound is closed in layers, including the fascia lata, 
the subcutaneous tissue, and the skin. Absorbable run- 
ning subcuticular suture will obviate the need for suture 
removal. 





= The vastus lateralis is reattached to its origin on the 
trochanteric ridge with absorbable braided 0 suture so 
that the entire plate is covered (TECH FIG 5). Two or 


TECH FIG 5 e Repair of vastus lateralis to its origin to cover 
the blade plate. 


PROXIMAL FEMORAL DEROTATIONAL OSTEOTOMY WITH 90-DEGREE AO 


BLADE PLATE: PRONE TECHNIQUE” 


The patient is positioned prone on appropriate (low) bol- 
sters to support the chest and iliac crests, keeping pres- 
sure off the abdomen and the genitalia. 

The table mattress padding under the thigh segments 
can be built up to keep the hips relatively extended. 
The approach and dissection are identical to those de- 


scribed for the supine technique; only the orientation 
must be remembered with the anterior vastus lateralis 
now falling away from the operative field (TECH FIG 6A). 
The torsional profile in the prone position is much easier 
to verify and compare with the contralateral side (TECH 
FIG 6B,C). 
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TECH FIG 6 e Proximal femoral derotation osteotomy using the prone technique. A. Orientation of 
the exposure in the prone position. B,C. Intraoperative ability to estimate the torsional profile. 


PROXIMAL FEMORAL DEROTATIONAL OSTEOTOMY WITH A REGULAR 
LOW-CONTACT DYNAMIC COMPRESSION (LCDC) PLATE 


= Using the identical approach described above, the dero- ® _ The fixation is not as strong as that afforded by a blade 


tational osteotomy can be stabilized with a regular LCDC plate but might be adequate in most children. 
plate. a This is not a good technique if derotation of the proximal 
= For secure fixation, the osteotomy would have to be femur is combined with varusization for hip instability. 


done lower, in the subtrochanteric region, to allow a suf- 
ficient number of screws (at least three) proximal to the 
osteotomy. 


DISTAL FEMORAL DEROTATIONAL OSTEOTOMY 


= There is controversy about whether a distal or proximal ™ The distal femoral derotational osteotomy is described 
femoral osteotomy is the optimal method to address ab- elsewhere. 
normal femoral torsion or anteversion. 





PEARLS AND PITFALLS 





Preoperative planning = Assessment of the complete torsional profile is essential to prevent unintended postoperative 
consequences. 

Orientation of 90-degree = The seating chisel and the blade plate must be introduced at right angles to the long axis of the 

blade plate femur both in the coronal and sagittal planes, if derotation is the only goal. 


# Any significant deviation in the orientation of the blade plate in the coronal plane will result in 
unintended varus or valgus. 

# Any significant deviation in the orientation of the blade plate in the sagittal plane will result in 
unintended flexion or extension. 


Orientation of osteotomy = The orientation of the transverse osteotomy must also be at right angles to the long axis of the 
femur both in the coronal and sagittal planes, if derotation is the only goal. 
= The osteotomy should be made parallel to the seating chisel. 


Derotation technique = The use of two parallel anteroposterior guide pins placed just proximal and distal to the line of 
the osteotomy provides an excellent guide to judge the magnitude of derotation, while providing 
a joystick to fine-control the position of the fragments at the time of fixation. This is particularly 
useful when using the supine technique, where the femoral anteversion and correction are more 
difficult to estimate. 
= The two pins also provide useful retraction of the overhanging muscle belly of the vastus lateralis 
when the supine position is used. 
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Desired magnitude of 
correction’® 


= In children with cerebral palsy, the presence of poor motor control and persistent muscle imbal- 
ance can lead to persistent internal hip rotation despite femoral derotation. 


= The goal is to (produce) reduce anteversion to about 10 degrees (slight overcorrection) with maxi- 
mum hip internal rotation of 20 degrees. Undercorrection will lead to persistent internally rotated 


gait in diplegics and quadriplegics. 


= In hemiplegics, a slight undercorrection of anteversion (20 degrees) is preferred because of the 
accompanying pelvic malrotation that persists and might lead to an externally rotated knee and 
external foot progression angle, if the anteversion is fully “corrected.” 


Final appearance 
transverse plane alignment. 


# All significant torsional abnormalities should be addressed concurrently to ensure appropriate 


® Significant (external) derotation may sometimes be accompanied by visible bowing of the femur 
due to unmasking of the normal anterior bow. 


POSTOPERATIVE CARE 


=" With secure blade plate fixation, external immobilization is 
seldom if ever required. External immobilization in the form 
of a below-knee cast or a knee immobilizer may be indicated 
for concomitant procedures, but not for the femoral derota- 
tional osteotomy per se. 

" Touch-down weight bearing (no more than the weight of the 
lower extremity) is permitted on the affected lower extremity. 
= If the procedure is done bilaterally, the child is unable to 
bear weight safely and a wheelchair is required. 

=" Depending on the age and ambulatory status of the child, 
progressively increased weight bearing is permitted from 4 to 
6 weeks postoperatively. 

= Supported weight bearing in a pool may be possible as early 
as 3 weeks postoperatively. 

=" Once there is clinical and radiographic evidence of union 
and consolidation of the osteotomy, all restrictions can be 
lifted (FIG 5). 


OUTCOMES 


= Little is known about the long-term outcomes of femoral 
derotational osteotomies, as these are seldom done in isolation. 
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FIG 5 e Postoperative AP and lateral radiographs. 


= If adequate correction is achieved, ambulatory patients can 
expect to experience noticeable benefits in the appearance of 
their gait. Whether there are measurable functional improve- 
ments is less clear. 

=" In conditions like cerebral palsy, the primary pathology in 
the brain cannot be addressed. Consequently, the abnormal 
forces that created the increased anteversion in the first place 
may contribute to its recurrence in the growing child. 

= There is no clear indication for routine removal of hardware. 


COMPLICATIONS 


Undercorrection 

Overcorrection 

Unrecognized or unaddressed abnormal tibial torsion 
Recurrence 
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Proximal Femoral Varus 
Osteotomy Using a 90-Degree 
Blade Plate 


Tom F. Novacheck 


DEFINITION 


= Proximal femoral varus osteotomy can be useful for many 
conditions: 

=" Coxa valga deformity 

" Hip subluxation (nearly all etiologies) 

" Containment for Perthes disease 

" Degenerative arthrosis 
=" Correction in other planes can be accomplished simultane- 
ously (derotation and extension-flexion),. Proximal femoral 
varus osteotomy can be accomplished at any age as satisfac- 
tory implants are available for all bone sizes. 
=" In some situations (eg, neuromuscular disease), it may be 
necessary to address the etiology of the proximal femoral de- 
formity and hip disease simultaneously. 


ANATOMY 


= The normal femoral neck-shaft angle is 135 degrees (range 
120 to 150 degrees). 

= The true neck-shaft angle cannot be directly assessed from 
an anteroposterior (AP) pelvis radiograph unless femoral an- 
teversion is compensated for by internally rotating the femur 
to eliminate it. 

= The tip of the greater trochanter is at the level of the center 
of the femoral head. 

=" The neck-shaft angle at birth is typically 150 degrees, 
decreasing to 135 degrees by skeletal maturity. 

=" Normal anteversion at birth is 45 degrees, decreasing to 
10 degrees in boys and 15 degrees in girls by 8 years of age. 


PATHOGENESIS 


= The development of normal femoral anatomy and resolution 
of fetal bone alignment requires the attainment of gross motor 
activities at a typical age and is dependent on normal muscu- 
loskeletal forces. Both of these can be affected by neuromuscu- 
lar conditions such as cerebral palsy or myelomeningocele. 

= Patients with Perthes disease may have a subluxated or un- 
covered femoral head even with proximal femoral anatomy 
that is normal except for the avascular femoral head segment. 
Even so, with good neuromuscular function, varusizing the 
femur can be well tolerated and can improve the containment 
of the diseased femoral head. 

=" Contributing factors to the hip joint pathology may include 
musculotendinous contractures, ligamentous laxity, and coex- 
istent acetabular dysplasia. If present, these may also require 
direct treatment. Adductor lengthening, psoas lengthening, 
open reduction of the hip with capsulorrhaphy, and acetabu- 
loplasty may need to be considered. 

=" Proximal femoral deformity can have an adverse effect on 
hip joint development and exacerbates or contributes to mus- 
cle imbalance about the hip." 


NATURAL HISTORY 


=" In neuromuscular conditions, if femoral head uncoverage 
exceeds 50% based on the Reimer migration index, then fur- 
ther subluxation and dislocation are likely.* 

=" Femoral head uncoverage during the resorption and reossi- 
fication stages of Perthes disease puts the hip at risk for a poor 
outcome with permanent deformity of the femoral head.* 

=" A poor outcome radiographically predisposes to early hip 
degeneration.” 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" There are no physical findings that are diagnostic for coxa 
valga. 
= The typical history for neuromuscular conditions, develop- 
mental dysplasia of the hip, or Perthes disease will be present 
in patients who may be candidates for a proximal femoral 
varus osteotomy. 
= In these cases, the associated musculotendinous or joint con- 
tractures may be present on physical examination and could 
include hip flexion contracture, hip adduction contracture, or 
altered transverse plane rotation. 
" In Perthes disease, restricted internal hip rotation and ab- 
duction are common. 
= Femoral anteversion is tested by palpation. 
" When the trochanter is most prominent laterally, the 
femoral neck is horizontal. In the absence of tibial deformity 
(varus or valgus), the tibial shaft is essentially perpendicular 
to the posterior aspect of the femoral condyles. The angular 
difference between the tibial shaft and a vertical line indi- 
cates the anteversion. In an otherwise normal hip, the ante- 
version is about 20 degrees less than the maximum internal 
rotation range of motion (ROM). 
= Excessive femoral anteversion is typically seen in neuro- 
muscular conditions and in developmental dysplasia of the 
hip and leads to excessive internal hip rotation and a corre- 
sponding lack of external hip rotation when tested in the 
prone position. 
=" Examining the hip ROM is essential for a differential 
diagnosis and to evaluate associated problems such as joint 
contracture, muscle imbalance, and musculotendinous 
contracture. 
" Normal total transverse plane ROM of the hip is about 
90 degrees. Normally a third of the available ROM is inter- 
nal and two thirds is external. 

Restricted ROM can indicate a joint abnormality, cap- 
sular contracture, or spasticity of the internal or external 
rotators of the hip. 

Excessive ROM indicates relative ligamentous laxity. 

Shifted ROM (eg, excessive internal ROM) indicates 
excessive femoral anteversion. 
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=" In adolescents and young adults being evaluated for early 
degenerative arthrosis, pain may be found at the extremes of 
ROM. Severe ROM restrictions could be a contraindication to 
consideration of realignment osteotomy in these cases. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= A plain AP pelvis radiograph with anteversion eliminated is 
diagnostic of coxa valga. 
" If anteversion is normal, no compensation for hip rotation 
is necessary. 
" If anteversion is excessive, the AP pelvis radiograph 
should be taken with the hip internally rotated to obtain a 
true AP view of the proximal femur. 

Hip flexion and adduction deformities can be identified 
by asymmetries in femoral position or asymmetric pelvic 
position. 

Acetabular dysplasia should be ruled out. 

Hip subluxation or femoral head uncoverage is as- 
sessed. Signs of degenerative arthrosis are sought. 

=" CT scans (including three-dimensional reconstruction) are 
not useful or needed for primary proximal femoral deformities 
but can be helpful in evaluating acetabular dysplasia or poten- 
tially in revision cases. 

= MRI may be useful in evaluating associated problems, in- 
cluding labral tears, hip joint effusions, narrowing of articular 
cartilage, and femoral head vascularity. 


DIFFERENTIAL DIAGNOSIS 


" Hip joint contracture 

= Hip joint subluxation 

=" Femoral anteversion or retroversion 
=" Musculotendinous contracture 

=" Acetabular dysplasia 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management may be helpful for one of the as- 
sociated conditions listed above. 

=" There is no nonoperative treatment for bone deformity 
that is clinically significant and adversely affecting hip joint 
development. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= The AP pelvis radiograph is reviewed. 

= The size of implant is chosen based on radiographic 
templates. 

=" The amount of varusization can be determined based on 
radiographs preoperatively or on intraoperative findings. 
Other associated problems (musculotendinous contracture, 


joint instability, and acetabular dysplasia) are addressed con- 
currently. 

= There is no examination under anesthesia to determine the 
amount of varusization to accomplish. An examination under 
anesthesia can guide decision making regarding concurrent 
tendon lengthening. 

= Varusization will inevitably shorten the extremity. The effect 
on leg length can be controlled by altering the amount of varu- 
sization and the size of the wedge of bone removed (if any) de- 
pending on preoperative leg-length assessment. Varus can be ac- 
complished using a medial closing or lateral opening osteotomy. 
Positioning 

=" Although some surgeons prefer to perform proximal 
femoral varus osteotomy with the patient supine, I prefer the 
prone position with the leg draped free (FIG 1). 

= This allows ease of exposure posterior to the muscle belly of 
the vastus lateralis. 

= The prone position also allows accurate control of femoral 
torsion comparable to the prone physical examination for 
femoral anteversion by palpation, thereby improving consis- 
tency of surgical realignment. 


Approach 


= A direct lateral approach to the proximal femur is routine. 
The procedure involves placing the chisel for the blade plate in 
the appropriate position in the femoral neck corresponding to 
the amount of varus to accomplish (eg, 20-degree varus cor- 
rection corresponds to 70-degree chisel placement relative to 
the lateral femoral cortical surface: 90-degree blade plate 
minus 70 degrees equals 20 degrees varusization), completing 
the osteotomy, and placing the 90-degree blade plate as de- 
tailed in the Techniques section. 





FIG 1 © Prone positioning allows easy access to divide the vastus 
lateralis posteriorly and replicates the position for physical ex- 
amination for femoral anteversion, allowing improved accuracy 
and reliability of assessment and correction of femoral torsional 
alignment. 
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EXPOSURE 





A longitudinal lateral incision is made over the proximal 
femur matching the length of the blade plate. 

The fascia lata is divided in line with the skin incision 
(TECH FIG 1A). 


GUIDEWIRE PLACEMENT 


A fluoroscope is used to guide placement of a guidewire 

in both the AP and lateral views. 

The entry point is just below the greater trochanteric 

apophysis if the patient is skeletally immature and 

through the greater trochanter after maturity. 

= The entry point is chosen to allow insertion of the 
guidewire and chisel without violating the medial 
calcar. 

The anterior-to-posterior placement is determined in the 

view obtained by flexing the hip and knee (with the 

knee over the edge of the operating table) and inter- 

nally and externally rotating the hip until the fluoro- 

scopic image shows the femoral neck and femoral shaft 

colinear with the guidewire placed centrally and parallel 

to the neck and shaft of the femur (TECH FIG 2A). 

The orientation of the pin on the AP view is controlled 

with an osteotomy triangle (TECH FIG 2B,C). 





The vastus lateralis is reflected from its proximal and pos- 
terior origins and elevated to expose the proximal femur 
subperiosteally. 

Circumferential subperiosteal elevators are placed in the 
intertrochanteric area to protect the soft tissues (TECH 
FIG 1B). 


TECH FIG 1 « A. The fascia of the vastus lat- 
eralis is divided transversely at the greater 
trochanteric apophysis and posteriorly in 
the periosteum of the intertrochanteric 
area and longitudinally adjacent to the in- 
sertion on the linea aspera (in the prone po- 
sition, up is posterior). B. The vastus lateralis 
is elevated subperiosteally, and Crego re- 
tractors are placed circumferentially at the 
intertrochanteric level. 





=" If preoperative planning indicated a 15-degree varu- 
sization goal, a 75-degree triangle would be used (see 
the Approach section above). 

= Alternatively, determination can be made based on 
preoperative and desired postoperative alignment; 
for example, the preoperative neck-shaft angle (150 
degrees) minus the desired postoperative neck—shaft 
angle (120 degrees) equals 30 degrees of varusiza- 
tion. In this case, the guidewire would be placed at a 
60-degree angle to the femoral shaft when using the 
90-degree plate. 

= The anteversion is determined (transverse plane) by 
the angle between the pin (placed as described 
above) and the tibial shaft (perpendicular to the pos- 
terior aspect of the femoral condyles when the knee 
is flexed, provided there is no tibial varus or valgus). 





TECH FIG 2 © A. A guidewire placed just below the apophysis and in line with the femoral shaft. 
B. Intraoperative C-arm view showing the guidewire at a 110-degree angle to the femoral shaft. 
C. The ideal lateral projection with femoral neck, femoral shaft, and guidewire coplanar improves 
accuracy and consistency. 
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PLACEMENT OF THE BLADE PLATE CHISEL 





The appropriate-size chisel for the blade plate is then 
placed just below and exactly parallel to the pin to the 
desired depth (greatest depth possible depending on 


PERFORMING THE OSTEOTOMY 





The details of the osteotomy are based on preoperative 
planning. 

To minimize the shortening effect of the osteotomy on 
leg length in a child, a single transverse osteotomy can 
be performed in the intertrochanteric area (TECH FIG 4). 
= This will result in a lateral opening osteotomy. 
Alternatively, a wedge of bone can be removed to ac- 
complish a medial closing osteotomy. 


Wedge Osteotomy 


The first osteotomy is performed parallel to the chisel. 

=" The entry point for the osteotomy saw blade is 
determined by the implant (distance between the 
blade and the subsequent angle in the plate for 
medialization). 





anatomy and available length of the blade plate; TECH 
FIG 3). 

The chisel should be dislodged 5 to 10 mm before the os- 
teotomy to allow for ease of later removal. 





TECH FIG 3 « A. The chisel is placed exactly in line with the pin. B. Anteversion in this case is 35 degrees. C,D. Chisel position 
confirmed in the AP and lateral projections. 


A second osteotomy is then performed perpendicular to 

the femoral shaft. 

=" The starting level for this osteotomy varies depend- 
ing on the desired amount of shortening of the 
extremity. 

A beginning point identical to the entry point for the 

first osteotomy achieves full contact of the osteotomy 

after fixation. 

A lateral starting level distal to the first removes a por- 

tion of the lateral femoral cortex, achieving more 

shortening, but is limited by the insertion of the psoas 

tendon on the lesser trochanter (typically should not be 

violated). 

An entry point proximal (within the cut of the first os- 

teotomy) leads to less shortening, but incomplete final 

apposition of the osteotomy surfaces. 


TECH FIG 4 « A. An oscillating saw is used 
10 to 12 mm distal and parallel to the chisel. 
B. The completed osteotomy. A second (op- 
tional) osteotomy could be performed at 
this point. 
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PLACEMENT OF THE BLADE PLATE 


Indications 


Accurate realignment 


Realignment and fixation of the osteotomy are achieved 
by placing the blade plate. 

The chisel is removed and the blade plate is placed in the 
chisel path parallel to the guidewire and impacted to its 
final position (TECH FIG 5A). 

The femoral shaft is reduced to the plate and held in po- 
sition with a Verbrugge clamp (TECH FIG 5B). 

Final anteversion alignment is controlled at this point 
(TECH FIG 5C). 





The first two screws are typically placed in compression 
to optimize fixation and promote rapid healing (TECH 
FIG 5D). 

Alignment is checked after placement of the first screw 
both radiographically and by physical examination. 

If satisfactory, the final screws are placed. If not, align- 
ment is adjusted accordingly. 

Final radiographs are taken in both views (TECH 
FIG 5E,F). 

The wound is closed in layers. 





TECH FIG 5 e A. The chisel has been replaced with the blade plate (guidewire is still in place). B. Correction of defor- 
mity by reducing the plate to the femoral shaft with a Verbrugge clamp. C. Anteversion is assessed before guide pin re- 
moval (corrected to 10 degrees). D. Fixation is complete (note well-apposed osteotomy surfaces). E,F. Postoperative AP 
and lateral views confirming implant placement, proper osteotomy alignment, and appropriate medialization of the 
femoral shaft to align the piriformis fossa with the intramedullary canal. 


PEARLS AND PITFALLS 


Guidewire placement 


= Accurate placement of the guidewire is crucial to all steps of the procedure. 


= Care must be taken to ensure its proper placement. 


=™ Adequate range of motion must be available. 
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® Hip joint pathology must not preclude repositioning of the femoral head within the acetabulum in a 


functional position of the leg. 


= Prone positioning promotes accurate control, correction, or both of femoral torsion. 


# Final alignment depends only on the angle of pin insertion and the choice of blade plate angle (in this 


case, 90 degrees). 


= Apposition of the osteotomy surfaces themselves also depends on the orientation of the osteotomy cuts. 
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FIG 2 « Bilateral short leg casts with a Denis-Browne bar incor- 
porated controls rotational alignment postoperatively. Knee im- 
mobilizers improve comfort by preventing flexion-extension 
caused by spasms of the hip flexors and hamstrings. 


POSTOPERATIVE CARE 


=" Weight-bearing status and immobilization depend on pa- 
tient age, condition being treated, compliance, bone size, im- 
plant size, and bone quality. 
" Weight bearing can vary from toe-touch to non-weight 
bearing for the first 3 to 6 weeks. 
" With poor bone quality, small bone size, small implant 
size, or poor compliance, a spica cast should be applied. 
= In intermediate situations, bilateral short-leg casts with a 
Dennis Brown bar can be applied along with knee immobi- 
lizers (FIG 2). 
= Unrestricted range of motion without external immobi- 
lization may be allowed (eg, most adults). 
= A range-of-motion and strengthening program often is insti- 
tuted at 3 to 4 weeks postoperatively. 
=" Advancement to full weight bearing can be accomplished 
within 6 to 8 weeks of the procedure, depending on muscle 
strength. 


OUTCOMES 


= Patients over 8 years of age with moderate Perthes disease 
(lateral pillar B or B/C border) have a better outcome with 
surgery.- 


= The complex spectrum of cerebral palsy hip subluxation, hip 
dysplasia, and dislocation can be treated successfully in most 
cases using a treatment algorithm that incorporates femoral 
varus and derotation osteotomy. While there is a risk of recur- 
rence and complications, McNerney and associates’ reported 
excellent results with aggressive surgical management with a 
low rate of complications and repeat acetabuloplasty or varus 
osteotomy. 


COMPLICATIONS 


Excessive varusization leading to hip abductor insufficiency 
Implant failure 

Malunion 

Nonunion 

Deep venous thrombosis in adults 

Infection 

Avascular necrosis 

Implant irritation contributing to Trendelenburg gait 
Overcorrection or undercorrection 
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Femoral Deficiency 


Dror Paley and Shawn C. Standard 


DEFINITION 


= The term proximal focal femoral deficiency (PFFD) is used 
to describe congenital femoral deficiency and deformity of the 
proximal femur to be distinguished from the congenital short 
femur.° However, the more comprehensive term congenital 
femoral deficiency (CFD)'* better describes the spectrum of 
deficiency, deformity, and discrepancy ranging from the con- 
genital short femur to the most severe PFFD. 

= The severity of the deformity varies widely, and this condi- 
tion can be diagnosed in the prenatal period using ultrasound 
examination." 

=" In most cases, CFD is not simple coxa vara. Patients with 
CFD lack integrity, stability, and mobility of the hip and knee, 
with concurrent joint malorientation, bony deformity, and soft 
tissue contractures. The affected limb grows at an inhibited 
rate depending on the severity of the underlying deficiency. 
The resulting limb-length discrepancy (LLD) can be accurately 
predicted using the multiplier method.**>!° 


ANATOMY 


= Although existing classification systems for PFFD are de- 
scriptive, these classification systems are not helpful in deter- 
mining the final femoral morphology or treatment strategies.” 
" The Paley classification system (FIG 1) is based on factors 
that reflect the severity of pathology and reconstructability 
of the congenitally deficient femur. This classification is 
based on pathologic factors that determine surgical recon- 
struction strategies.® 
= The abnormal anatomy of CFD consists of coxa vara of the 
proximal femur with abduction contracture of the hip (ie, ten- 
sor fascia lata [TFL], gluteus medius, and gluteus minimis 
muscles), proximal femoral extension deformity (flexion in 
some cases) with concurrent hip flexion contracture (ie, rectus 
femoris, TFL, and psoas muscles), and external femoral tor- 
sion—-retroversion with concurrent external soft tissue contrac- 
ture (ie, piriformis muscle). 
=" The proximal femur can also present a region of delayed 
ossification in either the subtrochanteric region or the neck 
region. Ossification of the cartilaginous proximal femur differ- 
entiates Paley type 1a CFD (ie, normal ossification) from Paley 
type 1b CFD (ie, delayed ossification) (FIG 1). 
=" Once treated with realignment of the proximal femur, these 
regions of delayed ossification in the type 1b hip begin to os- 
sify (the regions do not always fully unite), converting the hip 
into type 1a. This area of delayed ossification is often mistaken 
for a pseudarthrosis (it could be referred to as a stiff cartilagi- 
nous pseudarthrosis to differentiate it from type 2, in which 
there is a true mobile, fibrous pseudarthrosis). 
= A more severe form of CFD is classified as Paley type 2; this 
type has a true mobile pseudarthrosis between the greater 
trochanter and femoral head or complete absence of the 
femoral head (FIG 1). 


= The most severe proximal deficiencies are classified as Paley 
type 3 (diaphyseal deficiencies). In these cases, the greater 
trochanter is absent and the knee joint is affected to a greater 
(range of motion [ROM] less than 45 degrees) or lesser (ROM 
more than 45 degrees) extent. Complete absence of the femur 
is included in this group. 

= In very rare cases, there is a distal deficiency of the femur (ie, 
Paley type 4). Cases of distal deficiency present with very 
severe knee varus but a well-developed, intact hip joint. 

=" Acetabular dysplasia is almost always present in patients with 
CFD. This deformity must be recognized and corrected to pre- 
vent subluxation or dislocation of the hip during lengthening. 
=" Congenital knee abnormalities also exist with CFD. Absent 
or hypoplastic cruciate ligaments (ie, anterior cruciate liga- 
ment [ACL], posterior cruciate ligament [PCL]), hypoplastic 
lateral femoral condyle resulting in genu valgum, and hy- 
poplastic patella with lateral maltracking, subluxation, or dis- 
location are common. Rotatory instability of the tibiofemoral 
joint and knee flexion contractures (ie, biceps femoris muscle, 
posterior knee joint capsule, iliotibial band) are also common. 


PATHOGENESIS 


= The cause of an isolated single-limb abnormality is usually 
unknown. CFD is usually not related to a genetic syndrome. 
This is in contrast to radial clubhand, tibial hemimelia, or mul- 
tiple limb deficiencies. 

= A patient with CFD presenting for initial evaluation does 
not require a genetic consultation unless multiple limb defi- 
ciencies or other congenital malformations are present. 


NATURAL HISTORY 


=" The natural history of CFD is a progressive LLD in unilat- 
eral cases. The deformities and soft tissue contractures de- 
scribed above persist but do not progress. 

= The Paley type 1b hip shows eventual ossification of the carti- 
laginous femoral neck or subtrochanteric region. Although ossi- 
fication occurs over time, the severe coxa vara deformity persists. 
= Progressive LLD can be accurately predicted using the mul- 
tiplier method.'7*!° Determining the LLD at maturity and 
using the Paley classification system allows the surgeon to for- 
mulate an overall strategy for deformity correction and limb 
lengthening. 

=" The number and timing of surgical procedures can be pre- 
sented as a general overall plan to the parents during the initial 
consultation. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= A general history and physical examination should be per- 
formed. 
" The clinician should concentrate on family history or 
concurrent known congenital abnormalities, which could 
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Type 1: Intact Femur with Mobile Hip and Knee 
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FIG 1 ° Paley classification of congenital femoral deficiency. (Copyright 2006, Sinai Hospital of Baltimore.) 
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indicate a genetic syndrome that could require further 
workup and genetic consultation. 
= The facies and upper extremities are examined, looking for 
abnormal appearance or multiple congenital anomalies, which 
can indicate a genetic syndrome. In such cases, genetic consul- 
tation should be obtained. 
= Hip ROM 
" Abduction—adduction and flexion ROM are examined in 
the supine position. Thomas test (hip extension) is per- 
formed to measure fixed flexion deformity of the hip. Hip 
internal rotation—external rotation is measured in the prone 
position, together with the thigh-foot angle. Muscle length 
tests include popliteal angle (hamstring length) and prone 
knee bend (rectus femoris muscle). 
= ROM is measured and contractures are identified and 
quantified in degrees. A popliteal angle of more than 0 de- 
grees and prone knee bend less than supine knee bend indi- 
cate tightness of the hamstring and rectus femoris muscles, 
respectively. 
= Contractures need to be treated in preparation for length- 
ening. Lengthening of the rectus femoris and hamstring 
muscles is recommended for positive muscle tightness. 
=" Knee ROM 
" Flexion and extension knee ROM is measured in the 
supine and prone positions. 
" Greater than 10 degrees of fixed flexion deformity should 
be corrected during preparatory procedures. A fixed flexion 
deformity can be present. 
= Knee stability (anteroposterior) 
" The Lachman test and the anterior and posterior drawer 
tests are performed. The clinician looks for posterior sag and 
rotatory instability. The amount of instability is measured: 
Grade I: mild with endpoint 
Grade II: moderate with endpoint 
Grade III: moderate or severe with no endpoint 
= Anteroposterior knee instability is common. 
= Knee stability (rotatory) 
" The rotatory stability of the knee joint is examined by in- 
ternally and externally rotating the tibia on the distal femur 
in flexion and extension. The presence of subluxation with 
rotation of the tibia on the distal femur is noted. 
= External rotatory instability is a common finding that is 
secondary to a contracted iliotibial band, which can lead to 
rotatory subluxation of the knee and patellar dislocation. 
= Patellar stability 
" The clinician should flex the knee and palpate the align- 
ment of the patella to the notch in flexion. Tracking of the 
patella is assessed from 0 to 90 degrees. The clinicians 
should attempt to push a thumb into the intercondylar 
notch. 
" If the examiner’s thumb is able to palpate the intercondy- 
lar notch with the patient’s knee flexed, this denotes lateral 
subluxation or dislocation of the patella. 
" Patellar instability is common and can be an indication of 
lateral rotatory instability of the knee and contracture of the 
iliotibial band. 
=" The clinician should look at the overall appearance of the 
foot and ankle. 
= Any missing rays or positional abnormalities are noted. 
Ankle ROM is tested with knee flexed and extended. 
Inversion and eversion ROM is tested. 


" The amount of dorsiflexion, plantarflexion, inversion, 
and eversion is recorded. Equinovalgus deformity with miss- 
ing lateral rays indicates concurrent fibular hemimelia. 
Subtle increase in eversion ROM indicates fibular hypopla- 
sia or a ball-and-socket ankle joint. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" During the initial evaluation of an infant with CFD, supine 
long anteroposterior (AP) and lateral view radiographs should 
be obtained that include the pelvis and both lower extremities. 
Both lower limbs are pulled down to make sure both knees are 
in maximum extension (FIG 2A). 
=" The supine long AP view radiograph should be assessed 
for the overall appearance of the ossific anatomy. This 
radiograph should allow the physician to classify the type 
of CFD. 
= The lengths of both femora and both tibiae should be 
measured. The difference between them is the LLD, not 
including the foot. The clinicians should measure from the 
lateral acetabular edge to the midpoint of the knee joint 
space for the femoral lengths and from the same midpoint of 
the knee joint space to the end of the tibial ossific nucleus 
for the tibial lengths. The amount of current LLD can be 
used with the multiplier method to predict the overall LLD 
at maturity.°*°'° 
" The acetabulum should be assessed for dysplasia using the 
center—edge (CE) angle (even in infants) and the acetabular 
index (AI). 
=" The long lateral view radiograph of the lower extremity is 
assessed for underlying fixed flexion deformity of the knee. 
" The anterior cortical line of the distal femur should nor- 
mally be colinear with the anterior cortical line of the prox- 
imal tibia. A flexion angle between these lines represents 
fixed flexion deformity of the knee. 
=" Other imaging studies that are useful include magnetic 
resonance imaging (MRI) and arthrography of the hips. 
If the presence of a true pseudarthrosis of the proximal 
femur is questionable, an evaluation with MRI can be used 
in an attempt to visualize the presence or absence of a carti- 
laginous connection between the femoral head and shaft 
(FIG 2B,C). 
= Arthrography under general anesthesia is the gold standard 
to determine the presence of pseudarthrosis versus delayed os- 
sification of the proximal femur. While the arthrogram is ob- 
tained, the lower extremity is manipulated and the proximal 
femur is visualized. 
" If the proximal femur and femoral head move as a unit, 
this denotes a cartilaginous connection in the proximal 
femur, and the CFD is classified as type 1b. The arthrogram 
is also useful to differentiate between Paley types 2a and 2b. 
Both 2a and 2b might have a femoral head present; the dif- 
ference is whether the femoral head is fused to the acetabu- 
lum or not. If dye can be injected into a joint space, the hip 
can be classified as type 2a. 


DIFFERENTIAL DIAGNOSIS 


= If the patient has bilateral CFD, the clinician must consider 
the following differential diagnoses: 

" Camptomelic syndrome 

" Femoral hypoplasia (unusual facies syndrome) 
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FIG 2 © A. Supine AP view radiograph of an infant with Paley type 1b congenital femoral deficiency 
(subtrochanteric type). An assistant pulls the limbs down to negate the anterior hip flexion. The limb lengths 
can be directly measured from the radiograph to determine the limb length discrepancy. B,C. Lateral view 
radiograph and corresponding MRI, respectively, show a true pseudarthrosis of the proximal femur. The hip is 
classified as Paley type 2. The mobility of the femoral head can be determined under fluoroscopy. 


(Copyright 2007, Sinai Hospital of Baltimore.) 


NONOPERATIVE MANAGEMENT 


= Shoe lifts, orthoses, and prostheses are used for the nonop- 
erative management of LLD. All children should receive a 
shoe or prosthesis with a lift when they begin to cruise the 
furniture. A simple shoe lift of an amount equal to 1 cm less 
than the LLD is used in most cases in which LLD is less than 
10 cm (FIG 3A). 

=" It is helpful to supplement the lift with an articulated 
ankle-foot orthosis (AFO) for ankle support from the long 
lever arm of the shoe lift. If the lift is more than 10 cm, a pros- 
thetic foot connected to an AFO is preferred both to reduce 
weight and improve cosmesis. 





A 


FIG 3 e Examples of conservative treatment before lengthening. 
A. Simple shoe lift. If the shoe lift is greater than 5 cm, a concur- 
rent ankle—foot orthosis should be used. B. Prosthetic lift is used 
for more severe cases of limb-length discrepancy. (Copyright 
2007, Sinai Hospital of Baltimore.) 


=" The clinician should avoid splinting the foot in equinus 
because it might cause an equinus contracture. 

= In children younger than 6 years, a limb-length radiograph 
should be obtained every 6 months to assess LLD and prescribe 
a new lift. 

= After age 6 years, annual assessment and prescription is 
adequate. 

= In more severe cases with hip and knee fixed flexion defor- 
mity, it might be necessary to extend the orthotic or prosthetic 
support above the knee (FIG 3B). 


SURGICAL MANAGEMENT 


= Patients with types la, 1b, 2a, and 2b CFD can be managed 
successfully with lengthening reconstruction surgery as op- 
posed to prosthetic reconstruction surgery. 

=" Before undergoing lengthening reconstruction surgery, pa- 
tients with certain knee and hip deformities and deficiencies 
should undergo preparatory procedures to prevent complica- 
tions during lengthening and to reconstruct the knee and hip 
joints. This chapter will present the preparatory surgical pro- 
cedures of the hip and knee and the external fixation method 
we prefer for CFD lengthening surgery. 


Type 1 CFD 


=" Type 1 CFD is the most reconstructable. 

=" Before lengthening, hip stability should be determined radi- 
ographically. The best indicator is the CE angle. If the CE 
angle is less than 20 degrees, a Dega osteotomy should be per- 
formed before lengthening. In addition, the AI should be less 
than 30 degrees. If the CE angle is borderline 20 degrees but 
the AI is high, it is better to err on the side of caution and per- 
form a Dega osteotomy (FIG 4), 

=" Coxa vara should be corrected before lengthening if the 
neck-shaft angle is less than 120 degrees. When coxa vara and 
hip dysplasia are present and when the coxa vara is severe, the 
superhip procedure is performed. The pelvic and femoral os- 
teotomies should be performed 6 to 12 months before the first 
lengthening. The superhip procedure is a comprehensive 
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FIG 4e A. Three-year-old girl with type 1a congenital femoral de- 
ficiency and concurrent right hip dysplasia shown by the diagonal 
acetabular sourcil and a center—edge angle of 8 degrees (left 
center—edge angle = 25 degrees). B. Postoperative radiograph 
after Dega osteotomy shows corrected dysplastic acetabulum. 
(Copyright 2006, Sinai Hospital of Baltimore.) 


surgery to correct the proximal femoral and hip deformities 
with concurrent soft tissue releases. 

= At the conclusion of a successful superhip procedure, the re- 
orientation of the proximal femur allows for ossification of the 
proximal femur (type 1b [ie, femoral neck or subtrochanteric 
region]). This ossification converts type 1b to type 1a and usu- 
ally occurs within 2 years of the superhip procedure. 
Lengthening is not performed in type 1b cases until they con- 
vert to type 1a (except in special circumstances). 


Type 2 and 3 CFD 


= The strategies that should be used to treat types 2 and 3 
CFD are complex and beyond the scope of this chapter. A 
summary of the strategies is provided below. 


Type 2 CFD 


= The presence or absence of a mobile femoral head in the ac- 
etabulum determines the treatment strategy. Although MRI and 
arthrography can be used to examine the femoral head for mo- 
bility, opening the hip joint capsule is the only definitive way to 
determine the presence or absence of a mobile femoral head. 

= If the femoral head does not move in the acetabulum, it 
should not be joined to the femoral shaft. If the femoral head 


is mobile, it can be connected to the remainder of the femur 
by a complicated procedure in which the femoral neck is 
reconstructed. 

=" We call this procedure superhip 2, and it converts type 2a 
CFD to type 1a. For type 2b CFD, only the superhip soft tissue 
release is performed without the osteotomy. The flexion con- 
tracture of the hip is released and the fascia lata excised. Serial 
lengthenings with external fixation to the pelvis, femur, and 
tibia are performed before skeletal maturity. A pelvic support 
osteotomy is performed during the final lengthening at skeletal 
maturity. 


Type 3 CFD 


=" Type 3a can be treated like type 2b. Patients can undergo 
hip release, serial lengthenings, and pelvic support osteotomy 
or they can be treated by prosthetic fitting options, including 
prosthetic reconstruction surgery (ie, Syme amputation or 
rotationplasty”). 

=" Prosthetic reconstruction surgery is recommended for type 
3b CFD, which includes a stiff knee joint (less than 45 degrees 
of motion). Although type 3a can be converted to type 2b, the 
treatment would consist of four or more lengthenings. 
Rotationplasty is recommended for type 3a because it provides 
a more predictable functional result than does lengthening 
(FIG 5). 


Lengthening 


=" The number of lengthenings that are required for type 1 
CFD is determined by the initial LLD prediction. Patients with 
type 1a CFD typically undergo their first lengthening at age 
3 years. Patients with type 1b typically undergo lengthening 
closer to age 4 years. Between 5 and 8 cm can be obtained dur- 
ing each lengthening. 
=" For type 1 CFD, the femur should be lengthened by using 
a distal femoral osteotomy instead of a proximal femoral 
osteotomy. 
" Distal osteotomies allow for better regenerate bone for- 
mation because they have a broader cross-sectional diame- 
ter and because the bone is not sclerotic or dysvascular, 
which often is seen in the proximal femur of patients with 
CFD. Distal osteotomies can also be used to simultaneously 
correct the valgus deformity of the distal femur. 
" Proximal osteotomies are used to correct the external 
femoral torsion and proximal varus deformities. Proximal 
osteotomies are not used for lengthening because of poor re- 
generate bone formation. A proximal osteotomy can be used 
for deformity correction with a concurrent distal osteotomy 
for lengthening. 
= Soft tissue releases are performed during lengthening to pre- 
vent subluxation and stiffness of the knee and hip. Soft tissue 
releases that were addressed during a previous superhip or su- 
perknee procedure do not need to be repeated. 


Lengthening Via External Fixators 


=" Femoral lengthening with an external fixator can be per- 
formed with various devices. 

= The essential principle of lengthening with external fixation 
is to stabilize the knee during lengthening while allowing for 
knee motion. This is accomplished by using hinges and exter- 
nal fixation of the tibia. 

=" From 1987 to 2000, only the Ilizarov apparatus was used 
with fixation across the knee joint with a hinge. This method 
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FIG 5 e A,B. Patient who underwent rotationplasty for treatment of Paley type 3 congenital femoral defi- 
ciency. The rotationplasty allows the patient to motor his prosthetic leg as a below-the-knee amputee with 
excellent function. C. Preoperative photograph of a patient with Paley type 3 congenital femoral deficiency. 
D. Photograph obtained immediately after the patient (C) underwent rotationplasty. (Copyright 2007, Sinai 


Hospital of Baltimore.) 


has previously been described.* We did not use a monolateral 
external fixator because it could not articulate across the knee 
joint. 

= Since 2000 a method was developed that combined the pe- 
diatric Limb Reconstruction System (LRS) (Orthofix, Inc., 
McKinney, TX) with Sheffield Ring Fixation System compo- 
nents (Orthofix) to articulate across the knee with fixation to 
the tibia. Both Ilizarov and Orthofix parts are used to create 
this construct. 


Preoperative Planning 


= Preoperative evaluation consists of obtaining radiographs 
and performing a physical examination as previously de- 
scribed. 

= The radiographs are assessed as previously described and 
the CFD is reclassified if progressive ossification has occurred. 
=" During each visit before the first surgical reconstruction, 
LLD is recalculated to increase accuracy so that the overall 
strategy can be altered as needed.'° 





Positioning 

= The patient undergoing the superhip procedure is positioned 
supine on the operating table with a bump placed under the ip- 
silateral sacrum to tilt the pelvis about 35 to 40 degrees. The 
entire lower extremity to include the groin, iliac crest, and 
gluteal region is prepared to the subcostal margin (FIG 6A). 
= The patient undergoing the initial femoral lengthening is po- 
sitioned supine on the operating table with a radiopaque grid 
placed under the operating table pad. A small bump is placed 
under the ipsilateral sacrum to allow the extremity to rest in a 
patella-forward position. The entire lower extremity to include 
the groin, iliac crest, and gluteal region is prepared (FIG 6B). 


Approach 


=" The approach for the superhip and superknee procedure is 
the same extended lateral approach to the hip, femur, and 
knee as described in the following section. 

=" The lengthening procedures are performed using percuta- 
neous techniques. 


FIG 6 « A. Patients undergoing a superhip procedure 
should be prepared and draped to allow access to the 
iliac crest, gluteal region, adductor region, and the 
entire lower extremity. The patient is tilted 35 to 40 
degrees on a sacral bump. B. Preoperative positioning 
for initial limb lengthening. The positioning allows 
access to the pelvis, proximal femur, and the remainder 
of the lower extremity. (Copyright 2007, Sinai Hospital 
of Baltimore.) 


Chapter 28 TREATMENT OF CONGENITAL FEMORAL DEFICIENCY 


SUPERHIP PROCEDURE 


An anterior incision is made starting two to three finger- 
breadths posterior to the anterior superior iliac spine 
and at the level of the iliac crest. This incision gently 
curves to the posterolateral border of the femur along 
the level of the posterolateral intermuscular septum. 

A second S-shaped incision is made from the lateral side 
of the patellar tendon and is extended proximally in line 
with the intermuscular septum at the level of the knee 
joint. A bridge of intact skin is left between the two 
incisions. A recently developed distal alternative is an an- 
terior midline incision. 

If the extremity is significantly short, these incisions be- 
come one extended approach. 

The flap of skin and the subcutaneous tissues are re- 
flected in a full-thickness fashion off the deep fascial 
layer anteriorly. 

For the proximal incision, the interval between the TFL 
muscle and the sartorius muscle is dissected. 

For the distal incision, the fascia lata’s anterior and pos- 
terior borders are exposed at the level of the superior 
pole of the patella. The posterior border blends with the 
posterolateral intermuscular septum (TECH FIG 1A,B). 
At the TFL-sartorius interval, the fascia is split longitudi- 
nally. Care is taken to avoid injury to the lateral femoral 
cutaneous nerve. This is accomplished by releasing the 
fascia on the tensor fascia lata side of the intermuscular 
septum. 

This fascial incision is extended distally to join the ante- 
rior margin of the fascia lata that was previously ex- 
posed. 

The fascia lata is cut distally at the tibia and is reflected 
proximally if a concurrent superknee procedure with 
knee ligamentous reconstruction is not required. If liga- 
mentous reconstruction is planned, the fascia lata is cut 
proximally and reflected distally. 

The TFL muscle is reflected proximally and posteriorly on 
its posterior pedicle. Its anterior vascular pedicle (ie, lat- 
eral femoral circumflex vessels) can be cauterized and cut. 
The TFL muscle is separated from the underlying gluteus 
medius muscle distally. If the muscles do not separate 
well, the interval is left alone. The surgeon must remem- 
ber that any tissue that is inserting onto the greater 
trochanter is the gluteus medius muscle and must remain 
intact (TECH FIG 1C). 

The conjoint tendon of the rectus femoris, before it di- 
vides into the direct and reflected heads, is transected. 
The psoas tendon is exposed and released at the level of 
the pelvic brim. The surgeon must realize that the 
femoral nerve is much closer to both the rectus femoris 
muscle and psoas tendon in patients with CFD. 
Therefore, the femoral nerve is identified and protected 
before the aforementioned releases (TECH FIG 1D). 

If the anterior fascia of the thigh and the fascia of the 
sartorius muscle are tight, they are released. The lateral 
femoral cutaneous nerve is identified and protected be- 
fore releasing the fasciae. 

The femur should now be adducted, internally rotated, 
and flexed such that the greater trochanter is brought to 
the level of the center of the femoral head and the 


posterior border of the greater trochanter is parallel to 
the floor. If the proximal femur cannot be placed in this 
position, there is an abduction contracture of the hip 
joint. In these cases, the glutei muscles should be ele- 
vated off the greater trochanter along with the vastus 
lateralis muscle as a trigastric flap. 

The posterior border of the vastus lateralis at the inter- 
muscular septum is identified and dissected free of the 
femur subperiosteally. The dissection is continued proxi- 
mally along the posterior aspect of the greater 
trochanter. It is important to peel a thin layer of cartilage 
with the flap because the tendinous covering over the 
trochanter is thin. 

The dissection of the posterior border of the greater 
trochanter is continued proximally to sharply reflect the 
tendinous portions of the gluteus medius and minimis 
muscles as a continual sling (TECH FIG 1E). 

The flap of the conjoint gluteus-quadriceps tendon is 
sharply dissected and reflected from posterior to anterior 
off the trochanter. It is then reflected anteriorly off the 
intertrochanteric line, leaving the anterior hip capsule in- 
tact. The dissection should remain extra-capsular. The 
capsule should not be incised, and the pelvic trochanteric 
ligament running superior to the hip joint capsule should 
never be cut. During the release, the piriformis tendon 
should be identified and released, which allows the 
femur to rotate internally. The surgeon should avoid re- 
leasing the hip capsule from the greater trochanter 
because doing so can lead to hip instability, lateral sub- 
luxation, and dislocation (TECH FIG 1F). 

An alternative approach for patients with mild abductor 
contractures is to split the iliac crest apophysis and dis- 
sect the gluteal muscles in a subperiosteal fashion. This 
allows the gluteal muscles to slide distally, resolving the 
abductor contracture. This exposure is later used for the 
Dega osteotomy. At the completion of the procedure, 
the iliac crest is then resected by 1 cm to allow for closure 
of the apophysis with no tension. 

An arthrogram of the hip is obtained. The femoral head 
and neck are placed in a neutral orientation to the pelvis 
by extending and maximally adducting the hip joint. 


Plate Fixation of Proximal Femur 


The preferred method of fixation is the hip plate 
method. The preferred implant is the 130-degree pedi- 
atric cannulated blade plate (custom ordered from Smith 
& Nephew, Memphis, TN). If this is unavailable, the pedi- 
atric sliding hip screw (Smith & Nephew, Memphis, TN) 
can be used with a second screw for rotational control. 
The first step is to place a guidewire from the tip of the 
greater trochanter to the center of the femoral head. 
This creates the proximal femoral joint orientation line 
(TECH FIG 2A). 

A second guidewire is inserted in the center of the 
femoral neck to the center of the femoral head, at a 45- 
degree angle with the initial guidewire. The second 
guidewire is then visualized under a lateral fluoroscopic 
view to confirm its position in the center of the femoral 
head ossific nucleus (TECH FIG 2B,C). The correct 
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orientation on the lateral fluoroscopic view is when one segment is reduced to the plate and fixation is com- 
can see a “bullseye” created by the concentric circles of pleted with three or four screws. The resected bone seg- 
the arthrographic outline of the femoral head and ment is used in the Dega osteotomy at the end of the 
femoral neck with the ossific nucleus in the center. procedure (TECH FIG 2)). 

The appropriate sized cannulated blade plate chisel is ™ For type 1b cases (delayed femoral neck ossification), an 
driven over the femoral neck guidewire to create a path adjunct treatment can be performed by drilling a chan- 
for the blade plate (TECH FIG 2D). The chisel should be nel with a diameter of 3.2 to 3.8 mm into the femoral 
oriented perpendicular to the straight posterior border neck and packing bone morphogenetic protein (INFUSE 
of the greater trochanter. The chisel is removed, and the Bone Graft, Medtronic, Inc., Memphis, TN) into the carti- 
appropriately-sized cannulated blade plate is inserted laginous tunnel to induce ossification of the femoral 
over the femoral neck guidewire (TECH FIG 2E). neck (TECH FIG 21). 


At the intertrochanteric level, two wires are inserted per- _ 
pendicular and parallel to the side plate. A sagittal sawis Pelvic Osteotomy 


used to remove a triangular segment of bone. The first = The next step is to perform the Dega osteotomy. To ex- 


cut is parallel to the plate, and the second cut is perpen- pose the ilium, the iliac crest apophysis is split and de- 
dicular to the plate. The width of the second cut is equal tached with the periosteum. The outer table of the ilium 
to the diameter of the femoral diaphysis (TECH FIG 2F). is subperiosteally dissected, and the hip abductor muscles 
A second subtrochanteric osteotomy is performed by cut- are lifted from anterior to posterior. The posterior dissec- 
ting obliquely from the lateral starting point of the pre- tion is continued to the sciatic notch and should not cross 
vious parallel cut. This cut divides the femur into two the triradiate cartilage (TECH FIG 3A). 

segments and leaves a medial buttress of bone (TECH = The pelvic osteotomy is curved along the lateral cortex 
FIG 2F). from the anterior inferior iliac spine (AIIS) to the triradi- 
The distal femoral segment is extended, abducted, and ate cartilage posteriorly. At the AIIS, the osteotomy goes 
internally rotated and aligned with the plate allowing through both tables of the ilium. It is important to cut 
the femoral segments to overlap. The bone ends have to the apophysis and periosteum transversely at this level to 
overlap because of the constraints of the surrounding allow the osteotomy to separate anteriorly. The os- 
soft tissues. The amount of overlap determines the teotomy does not enter the sciatic notch but passes an- 
amount of shortening of the distal segment that is re- terior and parallel to the level of the triradiate cartilage. 
quired (TECH FIG 2G,H). The apex of the osteotomy should start 2 cm above the 
A third osteotomy is performed perpendicular to the dis- hip joint and is inclined to the triradiate cartilage medi- 
tal femoral shaft at the level of overlap (usually 1 to 2cm ally (TECH FIG 3B). 


distal to the second osteotomy site). The distal femoral 
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TECH FIG 2 e (A) After arthrography of the hip, a 
Kirschner wire is placed from the tip of the greater 
trochanter to the center of the femoral head (B,C). 
Second Kirschner wire is inserted into the femoral neck 
toward the center of the femoral head, creating a 45-de- 
gree angle with the initial guidewire (arrow). This will 
produce a 130-degree neck-shaft angle after the com- 
pletion of the osteotomy. The position of the second 
guidewire is confirmed to be in the center of the 
femoral head by obtaining a lateral fluoroscopic view. 
(D) Cannulated chisel is driven over the femoral neck 
guidewire to create a path for the 130-degree blade 
plate. (continued) 
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TECH FIG 2 « (continued) (E) Cannulated 130-degree pediatric blade plate is 
inserted over the femoral neck guide pin to its final position. The protruding 
plate is used as a guide for the initial bone cuts. The plate should be parallel 
to the posterior trochanteric border to ensure correction of the flexion defor- 
mity. (F) Sagittal saw is used to remove a triangular segment of bone (first os- 
teotomy). The two bone cuts are parallel and perpendicular to the plate. The 
width of the perpendicular cut is equal to the femoral diaphysis. The second 
osteotomy is started at the parallel cut and directed distally in an oblique fash- 
ion. This creates a medial buttress on the proximal femoral fragment. (G,H) 
Distal femoral segment is adducted, extended, internally rotated, and aligned 
with the side plate. The distal segment overlaps the proximal segment due to 
the soft tissue constraints. This determines the amount of shortening required 
and the position of the third osteotomy. The third osteotomy is performed 
perpendicular to the distal femoral diaphysis. (I) Distal femoral segment is re- 
duced to the side plate and secured with three to four cortical screws. For type 
1b cases, an adjunct treatment can be performed by drilling a channel with a 
diameter of 3.2 to 3.8 mm into the femoral neck and packing bone morpho- 
genetic protein (INFUSE Bone Graft, Medtronic, Inc., Memphis, TN) into the 
cartilaginous tunnel. (Copyright 2009, Sinai Hospital of Baltimore.) 
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SUPERKNEE PROCEDURE 


Incision and Dissection 


= If significant knee instability is present, a superknee pro- 
cedure should be performed conjointly with the superhip 
procedure. The superknee procedure can address ACL 
and PCL insufficiency, patellar subluxation or dislocation, 
and maltracking. Different parts of the procedure can be 
used depending on the knee pathology. 

= Along, S-shaped incision is made to expose the knee. The 
anterior and posterior margins of the fascia lata are incised 
longitudinally. The fascia lata is transected as proximally as 
possible and reflected distally until its insertion onto the 
tibia (TECH FIG 4A,B). The proximal aspect of the incision 
is developed as described for the superhip procedure. 

= The biceps femoris tendon should be Z-lengthened if 
knee flexion deformity is present or if the tibia is exter- 
nally rotated on the femur. The peroneal nerve should 
first be identified as it emerges from behind the biceps 
femoris muscle and decompressed at the first and second 
tunnel of compression in the anterior and lateral com- 
partments of the lower leg (TECH FIG 4C).° 


a 
— | 


: —— — = 
— — Skin incision i 
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TECH FIG 4 « A. S-shaped incision is made on the lateral as- 
pect of the distal thigh. B. The anterior and posterior margins 
of the fascia lata are identified and dissected proximally. The 
fascia lata is transected just distal to the tensor fascia lata 
muscle belly. The fascia lata is then dissected distally to the tu- 
bercle of Gerdy on the tibia. C. The tensor fascia lata is split 
longitudinally into two equal strips of tendon. (Copyright 
2009, Sinai Hospital of Baltimore.) 





Patellar Stabilization 


The fascia lata is split into two longitudinal strips to 

make two ligaments. A Krackow whipstitch? is used to 

run a nonabsorbable suture from the free end of the fas- 

cia lata toward the tubercle of Gerdy in a tubular fashion 

(TECH FIG 5A). 

A lateral release of the capsule leaving the synovium in- 

tact is performed in all cases. 

A Grammont procedure’ is performed to medially 

transfer the patellar tendon if patellar maltracking is 

significant. 

= This procedure is done by releasing the patellar tendon 
from proximal to distal and from lateral to medial, 
leaving intact a long sleeve of periosteum distally. The 
periosteal extension of the tendon is elevated with the 
tendon so that the detached tendon remains tethered 
distally. The patella and patellar tendon are shifted 
medially and sutured into position with an absorbable 
suture (TECH FIG 5B). 

A modified Langenskidld procedure is performed when 

fixed patellar subluxation or dislocation is present (see 





Grammont elevation 
of patellar ligament 


Fascia lata 
tubularized 


TECH FIG 5 « A. Tendons are then prepared with a Krackow 
whipstitch to form a tubular graft. B. Grammont patellar 
tendon medialization is performed by incising the medial and 
lateral borders of the patellar tendon past the tibial tubercle. 
The patellar tendon is elevated off the tibial tubercle apoph- 
ysis with an extension of periosteum that remains intact 
distally. The patellar tendon can then be shifted medially. 
(Copyright 2009, Sinai Hospital of Baltimore.) 
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description below in Alternative Step for Patellar ™@ The posterior limb of the fascia lata is passed under the 
Realignment). LCL. An ACL reamer is used over a guidewire to create a 
= The lateral capsule is cut to, but not through, the bony tunnel in the proximal tibial epiphysis. The wire is 
synovium. The vastus lateralis muscle is elevated off the inserted from the anteromedial aspect of the tibia and is 
intermuscular septum. directed to the center of the tibial epiphysis. The outer 
= If the patella is still tethered laterally by the vastus later- diameter of the actual graft is measured, and the hole in 
alis muscle, its tendon is released from the lateral aspect the epiphysis is reamed to this diameter (TECH FIG 6B). 
of the patella and transferred centrally to the quadriceps ™@ A suture passer is passed through the tibial epiphyseal 
tendon under minimal tension. tunnel and out the posterior capsule of the knee to exit 
= The lateral release is extended distally to the lateral laterally anterior to the septum. The fascia lata suture is 
aspect of the patellar tendon. If a Grammont procedure* pulled through the knee and the bony tunnel using the 
is to be performed, the incision is extended past the suture passer. A bioabsorbable headless screw (Arthrex, 
tibial tuberosity along the crest of the tibia so that the Inc., Naples, FL) is used to secure the graft to the tunnel 
proximal periosteum is elevated as described above. (TECH FIG 6C). The ACL graft is tensioned and sutured 
; with the knee reduced and in full extension to prevent 
ACL Reconstruction creation of a fixed flexion deformity of the knee. 
= Next, a Macintosh intra-articular or extra-articular ACL ™ If only an extra-articular ACL repair is needed, the fascia 
reconstruction (or both) is performed. The lateral collat- lata is looped back after passing under the LCL and the 
eral ligament (LCL) is identified. Two tunnels are made. lateral intramuscular septum. The fascia lata is sutured 
One tunnel is placed under the LCL and does not enter to itself and no tunnel is made (TECH FIG 6D,E). To pre- 
the knee joint (TECH FIG GA). The other tunnel is made vent loosening, the graft can be reinforced and reten- 
subperiosteally, from anterior and proximal to posterior sioned after fixation by passing a nonabsorbable suture 
and distal, over the lateral intramuscular septum of the through bone at the point at which the graft loops over 
femur. the intermuscular septum. 
= A hole is made in the posterior knee joint capsule by in- ™  Extra-articular or intra-articular PCL reconstruction is 
serting a curved clamp from the “over-the-top” position. performed. 
\ i BAN 
| J 
I : 
I | 
- =) V wl TECH FIG 6 « A. Lateral collateral liga- 
ae ——"_ = ment and the distal aspect of the poste- 
a rior intramuscular septum are identified. 
\ J ) / The posterior limb of the fascia lata graft 
\\\ Y Shallow is passed under the lateral collateral lig- 
AM J path ament. B. Posterior limb is then passed 
WY through through a subperiosteal tunnel under 
\ proximal the lateral intermuscular septum. The 
A B tibia graft enters the subperiosteal tunnel 
from the anterior aspect and heads dis- 
tally toward the posterior knee joint 
. capsule. Inset, Bony tunnel is created in 
Posterior the proximal tibial epiphysis. A wire is 
limb of placed into the epiphysis medial to the 
fascia lata patellar tendon. The wire is directed to- 
= passed ward the lateral femoral condyle and 
behind exits the tibial epiphysis at the midpoint 
femur, of the ossification center. This wire is 
through overdrilled with the appropriate-size 
notch, cannulated drill, depending on the graft 
size. C. Suture passer is inserted into the 
through bony tunnel and retrieved at the poste- 
epiphyseal rior aspect of the knee with a curved 
\ bone tunnel, clamp. After the graft has been passed 
\S under the lateral collateral ligament and 
r Posterior over the intramuscular septum, it is 
[ limb of pulled through the subperiosteal tunnel, 
and then 3 pean through the posterior joint capsule, and 
secured - out the tibial epiphyseal tunnel. The 
with interference graft is secured with a headless bioab- 
screw sorbable interference screw. (continued) 
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Extra-articular PCL Reconstruction 
(Reverse Macintosh Procedure 
Developed by Paley)® 


= The anterior skin flap is elevated off the knee and 
dissected and reflected medially until the entire vastus 
medialis muscle can be visualized. 

= The anterior limb of the fascia lata is not tubularized. It 
is passed first under the patellar tendon and then 
through a medial capsular tunnel. The graft is then 
passed through a subperiosteal tunnel around the 
adductor magnus tendon. Finally, it is sutured to itself 
with nonabsorbable suture (TECH FIG 7). 

= — This extra-articular ligament is tensioned with the knee in 
90 degrees of flexion to prevent an extension contracture. 

= To expose the medial side, the medial soft tissue flap is 
reflected to the midline. 


Intra-articular PCL Reconstruction 


= The peroneal nerve is identified, decompressed, and 
protected. 

= The lateral head of the gastrocnemius muscle is 
then released from the femur. The posterior aspect of 
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| TECH FIG 6 « (continued) D,E. 
[| Alternatively, instead of a com- 
Pier bined intra-articular and extra- 
articular repair, an isolated extra- 


VA J) articular reconstruction can be per- 
= formed. The graft is then tensioned 
SS 


with the limb in full extension, 
folded back onto itself, and secured 
with nonabsorbable suture. TFL, 
tensor fascia lata. (Copyright 2009, 
Sinai Hospital of Baltimore.) 


the proximal tibial epiphysis is identified to the mid- 
line. 

An anterior-to-posterior drill hole is made through 
the epiphysis, and the anterior limb of the fascia lata 
is passed from anterior to posterior, exiting near the 
midline posteriorly. 

Another drill hole that passes through the medial distal 
femoral epiphysis from anteromedial to posterolateral is 
made. The ligamentized fascia lata is pulled through the 
posterior capsule and into the medial femoral epiphyseal 
tunnel using its leading suture. It is fixed in place with a 
biotenodesis absorbable screw (Arthrex) after tensioning 
in flexion. 


Alternative Step for Patellar 
Realignment: Langenskiold 
Reconstruction 


If the patella has a fixed lateral subluxation or disloca- 
tion, a modified Langenskiéld patellar reconstruction is 
performed before the knee ligamentous reconstruction 
(intra-articular and extra-articular). 












With leg flexed, 
fascia lata 
graft sutured 
back onto itself 


TECH FIG 7 « A,B. Reverse Macintosh (extra-articular posterior collateral ligament) procedure is 
performed by passing the anterior limb of the fascia lata graft under the patellar tendon and 
through a window created in the medial joint capsule. The graft is then passed through a subpe- 
riosteal tunnel under the adductor magnus tendon, looped back onto itself, and secured with non- 
absorbable suture. (Copyright 2009, Sinai Hospital of Baltimore.) 
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This procedure is performed through the same su- = Medially, the capsule is incised proximally in a longi- 

perknee incision and can be performed as a part of the tudinal fashion, separating the vastus medialis muscle 

overall reconstruction. from the vastus intermedius muscle. 

The retinaculum is released on both the medial and lat- = The distal medial capsule is cut transversely at the 

eral aspect of the patella. This is the same incision used level of the joint line. The capsule is separated from 

for the lateral release (TECH FIG 8A,B). the synovium as far as the medial gutter. 

= The incision is taken down to the synovial layer with- ™ Once the synovial layer has been separated completely 
out violating the synovium. The synovium is then from the overlying tissues, its connection to the patella 
carefully dissected free of the undersurface of the is incised circumferentially (TECH FIG 8C,D). The 
quadriceps muscle proximally and from the patellar quadriceps and patellar tendon are left attached to the 
tendon distally. patella and the entire extensor mechanism can be 


shifted medially. 
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TECH FIG 8 e A,B. Initial step in the modified Langenskiéld reconstruction is to perform a medial and lat- 
eral capsulotomy. The knee joint capsule is dissected away from the synovium medially and laterally. The 
synovium also is dissected free from the quadriceps tendon and the patellar tendon. C,D. Synovium is re- 
leased from the patella circumferentially, leaving the quadriceps and patellar insertions intact. E,F. The 
hole in the synovium is closed longitudinally with absorbable suture, leaving the patella with the quadri- 
ceps and patellar attachments extra-articular. The Grammont elevation and Grammont medial patellar 
tendon shift are then performed (see Tech Fig 5). (continued) 


















k! Adductor | i - 
q magnus m. 
3: 
Fascia lata . 
passed through 
intermuscular 
septum 
1: = Li £! 4s Fascia lata 
Fascialata a J | hth TE BY graft sutured 
wrapped under ; Fascia lata tal] 1 | back 
patellar ligament Lae, | passed through | 4) onto itself 


ph -medial capsule 





Chapter 28 TREATMENT OF CONGENITAL FEMORAL DEFICIENCY 193 [4 


FEMORAL LENGTHENING OF TYPE 1 CFD: ORTHOFIX FIXATOR TECHNIQUE 


Preparatory Surgery not the patella-forward position—actually the patella 
will be externally rotated approximately 10 degrees in 


this position). 

= The center of knee rotation is identified. The center of 
rotation is the intersection of the posterior cortical line 
and the distal femoral physeal line. 

= A 1.8-mm Ilizarov wire is inserted into the distal femoral 
physis at the center of rotation and parallel to the distal 
femoral joint line in the frontal plane (TECH FIG 9A,B). 

= The pediatric LRS is aligned with the hinge-axis wire 
through the most distal clamp hole. A commercially avail- 
able “sandwich” clamp is used in the distal clamp, which 
provides a second layer of pin holes more anteriorly 
(TECH FIG 9C,D). 
= If these are not available, two pin clamp lids can be 

joined by 30-mm bolts to create a sandwich clamp. 

= The external fixator rail is aligned with the femur in the 
sagittal view and the most proximal half-pin is inserted 
at the level of the base of the greater trochanter (this pin 


Placement of Femoral Fixator should be distal to the apophysis). 
=" The half-pins are inserted using the cannulated drill 


2 An arthrogram of the involved knee is obtained under technique: a 1.8:mm or 1.5-mm wire is first inserted 
fluoroscopy. In the lateral view, the femoral condyles into the bone and the position is checked with fluo- 
are rotated until they superimpose each other. This is roscopy in both the AP and lateral views. 
considered a “true lateral of the knee” (note that this is 


= The preparatory surgery that is required consists of a 
Dega pelvic osteotomy for underlying hip dysplasia (CE 
angle less than 20 degrees or Al greater than 30 de- 
grees), rectus femoris tendon release, and iliotibial band 
release at the level of the superior pole of the patella. If 
the popliteal angle is greater than 10 degrees, the bi- 
ceps femoris tendon and medial hamstrings should be 
released. 

= If the patient has undergone a superhip procedure, the 
preparatory surgery has been completed and repeat 
releases of the soft tissues are not necessary. 

= If the preparatory surgery has not been performed and 
the Dega osteotomy is needed, it should be combined 
with excision of the fascia lata, superknee reconstruc- 
tion, or both. Alternatively, the soft tissue releases can 
also be performed simultaneously with the lengthening 
procedure. 


















TECH FIG 9 « A,B. Intraoperative fluoroscopic images show arthrog- 
raphy of the knee. The lateral view is obtained, and the posterior as- 
pects of the femoral condyles are superimposed to create the perfect 
lateral view. The hinge reference wire is inserted at the intersection 
of the posterior femoral cortical line and the distal femoral physis. 
This marks the center of rotation of the knee joint. C,D. Bone model 
shows LRS sandwich clamp placed distally, with the most distal hole 
containing the hinge-axis wire. The first distal half-pin is placed on 
the anterior row one hole proximal to the hinge-axis pin. E. Example 
of pediatric Orthofix rail with a three-hole cube placed on the distal 
half-pins to allow a third half-pin to be inserted into the distal frag- 
ment. F. Radiograph shows acute valgus correction performed at the 
osteotomy site for lengthening. (Copyright 2006, Sinai Hospital of 
Baltimore.) 
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= If the wire is in the center of the bone, a cannulated 
drill is used to overdrill the wire. The half-pin is then 
inserted in a perfect position. 
="  Half-pins placed in the anterior half of the femoral di- 
aphysis can result in a fracture either during the 
lengthening process or after frame removal. 
The most distal half-pin is placed one hole proximal and 
anterior to the knee axis reference wire. 
= At this point, the position of the hinge axis is a fixed 
point to the initial distal half-pin. The reference axis 
wire is removed. 
An LRS without a sandwich clamp is now placed on the 
two half-pins. The additional half-pins are placed proxi- 
mal and distal. Three half-pins should be placed in each 
segment. 
If concurrent distal valgus deformity is being corrected, a 
swivel clamp should be used at the proximal clamp site 
when placing the first two half-pins. 
When using the pediatric LRS, the standard clamp offers 
only three half-pin sites and one site is occupied by the 
knee axis dummy pin. Therefore, a three-hole Ilizarov 
cube should be connected to the two half-pins that oc- 
cupy the pediatric Orthofix clamp and a third half-pin 
placed through the cube more proximal (TECH FIG 9E). 
After all half-pins are placed, the template LRS with 
swivel clamp is removed and a distal femoral osteotomy 
is performed using the multiple drill hole technique. 
The distal femoral valgus deformity is acutely corrected, 
and the LRS with sandwich clamp attachments is placed 
on the half-pins, stabilizing the correction (TECH FIG 9F). 


Placement of Tibial Fixator 


The distal pins should be in the upper deck of the dou- 

ble-decker sandwich clamp. 

= The only pin in the lower deck of the sandwich clamp 
is adummy pin (ie, partial pin that is captured by the 
clamp and protrudes away from the patient but does 
not enter the patient’s limb) in the distal lower hole. 

= This dummy pin is the hinge-axis pin. 

A Sheffield clamp (Orthofix) is applied to the hinge-axis 

pin. Conical washers are placed medial and lateral to the 

Sheffield clamp to reduce friction. A single-hole Ilizarov 

cube and set screw are placed laterally. 

=" The hinge-axis pin and Sheffield clamp have now cre- 
ated a mechanical hinge (TECH FIG 10A,B). 

The Sheffield clamp is temporarily tightened and posi- 

tioned parallel to the LRS rail. A one-third Sheffield arch 

is then attached to the clamp and arched medially to be 

anterior to the tibia. The arch should be perpendicular to 

the tibia in the sagittal plane (TECH FIG 10C-E). 

A single-hole Ilizarov cube is placed on the Sheffield 

arch, and an AP half-pin is placed in the proximal tibia. 

As the first pin is being secured to the Sheffield arch, the 

knee must be in full extension and reduced. 


Testing and Completion of the 
External Fixator Construct 





After the first half-pin is inserted into the tibia, the 
Sheffield clamp is loosened and the hinge tested with 
gentle ROM of the knee. 





TECH FIG 10 « A,B. Bone model with 
a dummy pin inserted into the distal 
posterior hole of the LRS sandwich 
clamp that replaces the hinge-axis 
wire. A Sheffield clamp is attached to 
the hinge dummy pin to create the 
knee hinge. C. Bone model with 
Sheffield arch attached to Sheffield 
hinge clamp. The initial tibial half-pin 
is placed in an anterior-to-posterior 
direction, denoted by the empty 
Ilizarov cube. Additional pins can be 
attached via Ilizarov cubes. At least 
three half-pins should be inserted to 
obtain adequate stability. D,E. Clinical 
photographs of two examples of the 
Sheffield arch attachment to the tibia. 
At least three half-pins are used for 
fixation. (Copyright 2006, Sinai 
Hospital of Baltimore.) 
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TECH FIG 11 ¢ A,B. Lateral views of the Orthofix pediatric LRS 
device with hinge construct bridging the knee. The knee hinge 
allows for full flexion (A) and extension (B) while protecting 
the knee from subluxation during lengthening. C. Clinical pho- 
tograph shows a completed Orthofix external fixator for 
femoral lengthening in a patient with congenital femoral de- 
ficiency. The knee extension bar is constructed by building 
Ilizarov cubes from the half-pins to the Sheffield arch. Sockets 
are used to connect the extension bar to the frame, which al- 
lows for easy removal of the bar during physical therapy. 
(Copyright 2006, Sinai Hospital of Baltimore.) 





= If the motion is smooth, a drop-leg test is performed. = A knee extension bar is built using Ilizarov parts and 

= The drop-leg test consists of lifting the lower extrem- is extended from the previously placed three-hole 
ity off the bed and fully extending the knee. The cube to the Sheffield arch. Another strategy is to at- 
thigh is supported and the lower leg dropped. tach a separate Ilizarov cube to the protruding ends of 

= If the knee flexes with no catching or friction, two ad- the distal femoral half-pins and extend it to the 
ditional half-pins are placed in the tibia. Sheffield arch. 

= If there is friction during the drop-leg test, the hinge = This knee extension bar is used intermittently during 
and knee rotation axis needs to be examined and ad- the day and full-time at night (TECH FIG 11C). 
justed. Usually, the dummy axis pin can be slightly =" The bar is used to prevent a knee flexion contracture. 
bent and the hinge axis reoriented to the knee rota- ™ At the conclusion of the procedure, Botox, 10 units per 
tional axis. After the axis pin adjustment, the drop- kilogram of body weight, is injected into the proximal 
leg test is repeated until knee ROM is smooth, with quadriceps using multiple injection sites. 
no friction (TECH FIG 11A,B). = This is to reduce quadriceps muscle spasms and pain 


during knee flexion stretches. 





PEARLS AND PITFALLS 


Superhip—initial dissection = Rectus femoris and iliopsoas tendons are located closer to the femoral nerve than expected. The 
surgeon should first identify the femoral nerve before performing any releases or tenotomies. 





Superknee—knee flexion = Knee flexion contracture should be released with biceps femoris lengthening and posterior capsular 
contracture release. A concurrent ligamentous reconstruction should not be performed because of postoperative 
stiffness of the knee joint. 


Femoral lengthening = Positioning the hinge-axis wire is the crucial step when applying the external fixator. Great care 
should be taken to ensure precise placement of the wire at the center of rotation of the knee (inter- 
section of the posterior femoral cortical line and the distal femoral physis). This must be performed 
after an arthrogram of the knee is obtained, which allows exact visualization of the overlapped 
posterior femoral condyles in the lateral fluoroscopic view. 


External fixator removal = At the time of external fixator removal, a Rush pin should be placed prophylactically as described 
below. Activities, to include physical therapy, should be modified for 4 weeks after removal. A 
removable long-leg cast should be applied to maintain extension and to protect the tibia. 


Femoral lengthening ® If the initial distal femoral half-pin is positioned too far anterior when placed through the sandwich 
clamp, the initial hinge-axis pin is too far anterior. The surgeon should carefully examine the hinge- 
axis wire and ensure that it is at the level of the posterior femoral cortical line. 


Postoperative therapy and = Knee flexion should be maintained at greater than 45 degrees. If knee flexion is 40 degrees or less, 
preservation of knee motion lengthening should be slowed or discontinued and knee rehabilitation increased. 
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POSTOPERATIVE CARE 


= Patients who have undergone the superhip or superknee 
procedures are placed into a 1-1/2 hip spica cast. 
" The involved limb is placed in neutral abduction, neutral 
rotation, and 0 degrees of extension. The knee is held in full 
extension, and the foot is included. 
= The cast is removed at 6 weeks, and gentle ROM of all 
joints is performed as well as weight bearing as tolerated. 
= Patients undergoing femoral lengthening require close fol- 
low-up and intensive rehabilitation. Patients are usually dis- 
charged on postoperative day 3 or 4. 
" The lengthening begins on day 5 or 7 at a rate of 0.75 to 
1.0 mm per day. 
" The patient is assessed every 2 weeks in the outpatient 
clinic with radiographic and clinical examinations. 
Pin-site problems, nerve function, hip and knee ROM, 
and knee subluxation are assessed. 
The joint location, limb alignment, regenerate bone 
quality, and length gained are assessed radiographically. 
" The rate of distraction is adjusted according to regenerate 
bone quality and joint ROM. 
=" Physical therapy is begun on postoperative day 1. During 
the distraction phase, physical therapy is continued daily, with 
formal therapy occurring 5 days per week. 
" The formal therapy consists of one or two sessions with a 
therapist each day, with 1 hour of land therapy and 1 hour 
of hydrotherapy. 
" The patient also undergoes two physical therapy sessions 
at home each day with the parents. 
=" During therapy, the patient should perform exercises that 
obtain knee flexion and maintain knee extension. 
= Knee flexion should be maintained at greater than 45 de- 
grees but not more than 90 degrees. 
" If knee flexion is 40 degrees or less, lengthening should be 
discontinued or slowed and knee rehabilitation should be 
increased. 
" If there is no improvement, lengthening is discontinued. 
=" During the distraction phase, passive exercises are most im- 
portant; during the consolidation phase, passive plus active ex- 





ercises are important. Hip abduction and extension are two 
important hip exercises. 
=" During the consolidation phase, the formal therapy can be 
reduced to three sessions per week if the patient is doing well. 
Weight bearing is allowed as tolerated. 
=" The frame can be removed from the femur and tibia after 
the regenerate bone has healed. 
= A prophylactic Rush pin (Zimmer, Inc., Warsaw, IN) is 
placed in the femur at the time of external fixation removal 
(FIG 7). Application of the Rush pin prevents refracture 
after lengthening. 
" The frame is removed under general anesthesia, and radi- 
ographs in the AP and lateral views are obtained. 
= At this point, the pin sites are cleaned, prepared, and then 
isolated with Tegaderm dressings (3M Healthcare Ltd, St. 
Paul, MN). The entire lower extremity to include the hip, 
iliac crest, and gluteal region is prepared and draped. 
" A 1.8-mm Ilizarov wire is inserted into the tip of the 
greater trochanter and driven into the center of the proximal 
femur. An intraoperative lateral view radiograph after exter- 
nal fixation removal is used to place the starting point on 
the greater trochanter. The 1.8-mm wire is drilled or tapped 
into the femur and then overdrilled with a cannulated 3.2- 
mm or 4.8-mm drill to create the starting hole for the pro- 
phylactic Rush pin insertion, depending on whether a 3.1- 
mim (1/8 inch) or 4.6-mm (3/16 inch) Rush pin is used. 
= If needed, the femur is then sequentially reamed using T- 
handled hand reamers (ie, Foresight nail reamers [Smith & 
Nephew]) until the desired pin diameter is obtained. The hand 
reamer should be slightly bent at the tip to allow for careful 
guidance down the canal under fluoroscopic control. 
" After the reaming is complete, the Rush pin is inserted and 
should reach just above the distal femoral physis. Its tip might 
need to be slightly bent to navigate the curves of the femur. 
" The small proximal incision is closed, and the pin sites are 
dressed. The pin sites are not manipulated or released to de- 
crease the risk of concurrent infection. 
= Antibiotics are administered intravenously during the 
procedure, and oral antibiotics are used for 7 days post- 
operatively. 


FIG 7 © A. AP view radiograph of right femur of a patient 
with Paley type 1a congenital femoral deficiency after initial 
lengthening of 8 cm. B. Postoperative AP view radiograph of 
femur after external fixation removal with insertion of Rush 
pin to protect the newly consolidated regenerate bone. 

C. Longstanding lateral view radiograph shows the inserted 
Rush pin after external fixation removal. (Copyright 2007, 
Sinai Hospital of Baltimore.) 
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" If a significantly problematic pin site or pin-site infection 
is present at the time of removal, the prophylactic in- 
tramedullary rod placement is delayed for 2 weeks and the 
affected limb is placed into a hip spica cast. 

" Physical therapy is discontinued for 1 month to avoid 
fracture through the regenerate bone or a pin hole. 

" Physical therapy is restarted 1 month after frame removal 
and Rush pin application. With the Rush pin in place, no 
cast or brace is needed. The patient is allowed partial weight 
bearing. 


OUTCOMES 


= Saghieh and associates’* studied our first 79 consecutive pa- 
tients with Paley type 1 CFD. The patients underwent 99 
femoral lengthenings between January 1988 and December 
2000. Medical charts and radiographs were retrospectively re- 
viewed. Fifty-nine patients (73 lengthenings) had Paley type 1a 
and 20 patients (26 lengthenings) had Paley type 1b CFD. 
Forty-six (58%) were female and 33 (42%) were male patients. 
The mean patient age was 12.3 years (age range, 1.5 to 62.3 
years). The lengthenings were divided into three age groups: 
toddler (younger than 6 years), juvenile (between 6 years and 
skeletal maturity), and adult (skeletally mature). Because 19 pa- 
tients each underwent more than one lengthening (18 under- 
went two lengthenings, and 1 underwent three lengthenings), 
each lengthening was evaluated independently as a separate 
lengthening and studied for its own results and complications. 
= Distraction gap, percent of femur lengthened, external fixa- 
tion time index, degree of preservation of knee motion, result 
score, and complications were compared among the groups. 
The complications and ROM data were routinely recorded, 
and the data were obtained from a review of the charts. 
Radiographic measurements were obtained from preoperative 
lower limb alignment AP view radiographs  (tele- 
oroentgenograms), compensating for magnification, and from 
lateral view radiographs of the femur and tibia. The CE angle 
and neck-shaft angle also were measured, preferably by using 
an AP view radiograph of the pelvis. The average follow-up 
from the time of removal of the external fixator was 69 
months (range, 19 to 132 months). 

= The average discrepancy in femoral length was 9.1 cm 
(range, 1.2 to 22.1 cm) preoperatively and 4.1 cm (range, 14.7 
to 2.3 cm) postoperatively. The mean distraction gap was 5.8 
cm (range, 2.4 to 12.0 cm). The average duration of treatment 
with external fixation was 5.9 months (range, 2 to 15.9 
months) with an external fixation time index of 1.07 
months/cm (range, 0.49 to 2.38 months/cm). The result score 
was excellent in 61 (61.6%) lengthenings, good in 29 (29.3%), 
fair in 7 (7.1%), and poor in 2 (2%). 

=" Excellent and good results were achieved in 91% of pa- 
tients. No significant differences in most of the studied para- 
meters, including result score, were observed among the differ- 
ent groups. The two younger groups experienced a higher in- 
cidence of fracture (no prophylactic rodding was used in this 
group). [he adult group experienced a higher incidence of de- 
layed union and joint stiffness. However, the overall complica- 
tion rates were similar among the three groups. We prefer to 
begin lengthening at an early age so that additional needed 
lengthenings can be spaced in time. 

=" Currently, we are reviewing our experience since 2000. Our 
outcome study includes more than 250 patients with CFD who 
have undergone more than 350 lengthening procedures. 


COMPLICATIONS 


= Flexion contracture of the knee 
" A significant knee flexion contracture places the knee at 
risk for posterior subluxation. 
" One of the primary goals of physical therapy is to main- 
tain knee extension and to continue to obtain knee flexion. 
Both the surgeon and therapist need to closely monitor the 
patient’s ROM and must be in regular communication if dif- 
ficulties arise. 
" To prevent fixed flexion deformity, a knee extension bar 
is used every night and part-time during the day. If the pa- 
tient experiences a loss of motion, therapy must be increased 
and the patient assessed immediately. 
" Acute pin-site infections can lead to increased pain and 
decreased motion and should be immediately treated with 
oral or intravenous antibiotics. 
" If significant soft tissue tightness is present in the quadri- 
ceps muscle, the distraction rate should be decreased. 
However, decreasing the distraction rate should be followed 
closely with radiographs to prevent premature consolida- 
tion. If Botox was not used at the index procedure, the sur- 
geon should consider injecting the quadriceps muscle with 
10 units of Botox solution per kilogram of body weight. We 
perform the Botox injection under anesthesia or sedation for 
the younger patient. 

= Adduction and flexion contractures of the hip 
" Hip adduction contractures place the hip joint at risk for 
subluxation and dislocation during the lengthening process. 
Hip adduction should be assessed at the time of the length- 
ening surgery. If a contracture is present, an adductor teno- 
tomy should be performed. 
" Hip ROM and stretching is addressed by the therapist on 
a daily basis. If a contracture is a concern initially, an abduc- 
tion pillow is used at night. If the patient has subluxated or 
dislocated the hip in a previous procedure, the external fix- 
ator should be extended above the hip with a hinge device 
similar to that used for the knee. Hip flexion contracture 
might occur when the patient is positioned in a wheelchair 
for prolonged periods of time. 
= The patient should not only stretch during the therapy 
sessions, but also should be placed in a prone position on 
a daily basis. Occasionally, a repeat rectus femoris ten- 
don release along with a release of the anterior thigh fas- 
cia is performed at the time of external fixation 
removal. Iliopsoas contracture does not occur during the 
lengthening because the distraction site is distal to the 
psoas insertion. 

=" Nerve injury 
" Nerve injury is unusual with femoral lengthening. 
Complaints of pain in the foot are usually referred pain 
from nerve entrapment. Quantitative sensory testing is the 
best method to identify early nerve entrapment.’ 
" The nerve problem can be treated by slowing the distrac- 
tion or nerve decompression. The peroneal nerve should be 
decompressed at the neck of the fibula if symptoms continue 
or pressure-specified sensory device testing is positive.” 

= Premature consolidation 
" Premature consolidation usually occurs during the first 
2 cm of distraction and is rare after 4 cm of distraction. In 
a young child, the latency period should not be more than 
7 days. 
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" Increasing pain with distraction or difficulty while turning 
the distracting unit are signs of possible preconsolidation. 
Radiographs should be obtained to assess the regenerate 
bone. If the fibrous interzone disappears, the turning rate 
should be increased (ie, five quarter-turns per day) and ad- 
ditional radiographs obtained within 1 week. 

" If one of the cortices has bridged with narrow bone, con- 
tinued distraction at an increased rate can be performed. 

" The physician must warn the parents that the patient may 
experience or hear an audible “pop” during distraction. 
This will be followed by a mild to moderate increase in pain. 
However, the distraction will become easier and surgery can 
be avoided. 

" If the regenerate site is consolidated with abundant bone, 
the pins might bend or become deformed. This type of pre- 
consolidation is addressed with a repeat osteotomy 1 to 2 cm 
proximal to the original site. The surgeon should not attempt 
to repeat an osteotomy at the same regenerate site because the 
patient will have increased bleeding and poor regenerate bone 
formation. If the fibrous interzone is greater than 5 mm, 
lengthening should be slowed (ie, two or three turns per day). 
Regenerate bone failure 

" Partial defects in the bone are not uncommon on the lateral 
cortex. Sequential radiographs obtained during the distrac- 
tion phase must be closely followed for increasing fibrous in- 
terzone distance and poor regenerate bone formation. 

" Regenerate bone failure is prevented by slowing the dis- 
traction rate when signs of poor regenerate formation are 
present. During the consolidation phase, a partial defect can 
be treated with dynamization to increase healing of the re- 
generate bone. 

" If the defect persists and encompasses less than 25% of 
the bone diameter, a rigid intramedullary rod placed at the 
time of removal will allow for ossification during a pro- 
longed time period (6 to 12 months). 

= If the regenerate bone failure is more severe, open autoge- 
nous bone grafting should be performed after first excising 
the interposing fibrous tissue. 
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DEFINITION 


=" Congenital dislocation of the knee (CDK) is a rare deformity 
that presents at birth as recurvatum. 

= The incidence of CDK is estimated at 1 per 100,000 live 
births, which is approximately 1% of the incidence of congen- 
ital dislocation of the hip.” 

= It may be an isolated entity or occur with associated muscu- 
loskeletal anomalies such as dislocated hips, clubfoot, and 
congenital vertical talus. It can also occur with myelodyspla- 
sia, Larsen syndrome, and arthrogryposis. 

= It varies in severity and has been classified as simple hyper- 
extension, subluxation, and anterior dislocation of the tibia on 
the femur (FIG 1).° 


ANATOMY 


=" The fundamental pathologic feature in CDK involves the 
quadriceps muscle. The amount of quadriceps muscle is small, 
and the muscle as well as the lateral retinaculum adheres to the 
femur. 

=" The quadriceps femoris tendon is shortened and fibrosed, 
which is thought to be secondary to the dislocation rather than 
its cause.” 

= The patella is often laterally displaced. 

= There is hypoplasia of the suprapatellar pouch. 

=" The hamstrings are often deficient, subluxed anteriorly, or 
both. 

= The anterior knee articular capsule is tight. 

= The menisci are usually present and normal. 

= The pathology in the cruciate ligaments is variable, from ab- 
sence to elongated.° 


PATHOGENESIS 


= The exact cause of CDK remains unknown. 
= A genetic etiology is supported by the presence of familial 
occurrence in some cases as well as the association of CDK 
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FIG 1 © Congenital knee dislocation can vary from simple hyper- 
extension (A) to subluxation (B) to complete anterior disloca- 
tion of the tibia on the femur (C). 


with developmental hip dysplasia, idiopathic clubfoot, and 
congenital vertical talus, all three of which have a known or 
presumed genetic basis.'*"" 

=" Simple hyperextension of the knee in newborns may be 
caused by aberrations in intrauterine positions, such as frank 
breech presentation, which slowly stretches the hamstrings 
and posterior knee soft tissues.’ Chronic knee hyperextension 
results in anterior subluxation of the hamstrings, allowing 
them to function as knee extensors. 

=" Severe CDK often occurs in association with disorders 
with muscle imbalance, such as myelodysplasia, arthrogrypo- 
sis, Larsen syndrome, Ehlers-Danlos syndrome, Streeter syn- 
drome, and oligohydramnios.”*'' 


NATURAL HISTORY 


= The natural history of CDK depends on the severity of the 
disorder on presentation. Simple hyperextension of the knee 
tends to resolve spontaneously or with splinting.**° 

= In cases of subluxation and dislocation, spontaneous reso- 
lution is not common, and most patients require surgical 
correction. 

= Left untreated, these patients have great difficulty with am- 
bulation owing to the inability to flex the knees. These patients 
often have associated neuromuscular or genetic syndromes.” 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" The physical findings of CDK are readily apparent at birth 
but of variable severity (FIG 2). 

= The knee is hyperextended, in severe cases to such a degree 
that the foot rests against the baby’s face. 

= In cases of simple hyperextension, the knee can be passively 
brought into flexion. 

= In the more common scenario of subluxation, passive flex- 
ion is limited but improves with splinting, casting, or both. 





FIG 2 « This infant has a unilateral knee dislocation. Note the 
deep skin creases across the front of the knee. 
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FIG 3 e A lateral radiograph of a newborn demonstrating com- 
plete dislocation of the tibia on the distal femur. The anterior 
aspect of the knee is on the right. Note the deep skin creases 
anteriorly. 


=" In cases of dislocation, the knee cannot be easily passively 
flexed with simple manipulation. The patella is often laterally 
displaced and difficult to palpate. A deep crease may be pres- 
ent over the anterior aspect of the knee. 

= ‘The more severe cases are more likely to have associated 
musculoskeletal anomalies. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Anteroposterior and lateral radiographs of the knee help to 
differentiate the mild hyperextension deformity from the more 
severe type of subluxation or fixed anterior dislocation of the 
tibia on the distal femur (FIG 3). 

= The ossification centers of the distal femur and proximal 
tibia are usually present in the full-term infant. 

= The patella is not yet ossified in the infant. 

= Ultrasound can also be used to make the diagnosis. 


DIFFERENTIAL DIAGNOSIS 


= Simple hyperextension of the knee 


NONOPERATIVE MANAGEMENT 


=" Nonoperative treatment should be started as soon as 
possible. 
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=" Nonoperative treatment consists of serial manipulations and 
long-leg plaster castings.*°°1° 
=" With the patient relaxed with a bottle of milk, gentle trac- 
tion is applied to the tibia to stretch the contracted quadriceps 
muscle. After several minutes of stretching, a long-leg plaster 
cast is applied from the toes to the top of the thigh. The cast is 
applied in one section and is carefully molded to maintain the 
position achieved with stretching and to avoid skin sores. 
= The casts are changed on a weekly basis in the clinic. Once 
the tibia reaches the distal femur with traction, flexion of the 
knee is begun. 
" In cases of simple hyperextension, flexion of the knee can 
often be started quite early (FIG 4). 
= In cases of subluxation and complete dislocation of the 
knee, however, flexion of the knee often cannot be started 
for several weeks until the quadriceps muscle is adequately 
stretched. 
= It is very important to obtain a lateral radiograph of the 
knee once knee flexion reaches 45 degrees and again if 90 de- 
grees of flexion is reached during serial casting. It is possible 
to create an iatrogenic physeal separation of the distal femur 
or to deform the proximal tibia plastically. 
" Closed treatment should be stopped if anatomic reduction 
of the tibia cannot be confirmed. 
= If 90 degrees of flexion is obtained and a normal restoration 
of the femoral-tibial articulation is demonstrated on a lateral 
radiograph, it is unlikely that any surgical intervention will be 
necessary. 
= Historically, nonoperative treatment has been successful in 
treating simple hyperextension of the knee and some cases of 
subluxation. Most patients with complete knee dislocation 
have an extensive surgical release operation after a failed at- 
tempt at casting. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= If serial casting fails to obtain a reduction of the anteriorly 
dislocated tibia on the end of the femur, which is verified on a 
lateral radiograph of the knee, surgical management should be 
considered. 


FIG 4 e Approximate amount of knee flexion achieved each 
week during serial castings. 
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= Timing of the surgical correction depends on the particular 
technique that the surgeon chooses, but usually ranges from 1 
month of age to 2 years. 


Positioning 

= The patient is positioned supine on a radiolucent table. No 
tourniquet is used as this interferes with the location of the 
surgical incision. 

= The entire leg is prepared into the field from the hip to the 
tip of the toes to allow easy manipulation of the knee (FIG 5). 


Approach 


=" The approach depends on the surgeon’s preference but 
varies from minimally invasive approaches to extensile ap- 


manipulation of the knee. 
proaches with quadriceps mechanism reconstruction. 


PERCUTANEOUS QUADRICEPS RECESSION 


= This procedure is ideally performed at 1 to 2 months of "™ After the release is performed, the knee is flexed to 90 


age and is described by Roy and coworkers."' degrees. 
= An assistant holds the affected leg and attempts to flex ™ Sterile dressings are applied, followed by a long-leg plas- 
the knee. ter cast with the knee flexed at 90 degrees or greater. 


= Asmall stab incision is made one to two patellar lengths ™ The cast is worn for 4 to 6 weeks. 
superior to the patella in the midline of the thigh, and ©" After cast removal the patient is placed in a Pavlik har- 
the fascia overlying the rectus femoris is released ness to maintain knee flexion for an additional 4 to 6 
(TECH FIG 1). weeks. 

= — Medial and lateral stab incisions are then made at the su- 
perior border of the patella to release the medial and 
lateral quadriceps tendon and retinaculum. 
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TECH FIG 1 ° Percutaneous quadriceps recession. A. The knee is held in maximum flexion. B. Medial and lateral stab inci- 


sions are made at the superior border of the patella to release the quadriceps and retinaculum. C. The knee is flexed to 90 
degrees after release of the retinaculum is achieved. 


MINI-OPEN QUADRICEPS TENOTOMY 


= This approach is ideally performed between 1 and 6 #® _ The quadriceps tendon is carefully isolated with blunt 


months of age and has been described by Dobbs and as- dissection using a hemostat. 

sociates (TECH FIG 2).* = The quadriceps tendon is transected completely about 
= A2-cm vertical midline incision is made just above the su- 1 cm proximal to its insertion on the superior pole of 

perior pole of the patella. the patella. 


= — Dissection is carried down to the patella and the quadri- ™  Theknee is then gently flexed until at least 90 degrees of 
ceps tendon. flexion is obtained. 
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FIG 5 e The entire leg is prepared into the field to allow easy 
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TECH FIG 2 « A. The solid purple lines outline the patella and the dot- 
ted line demonstrates the site of the surgical incision. B. Location of the 
skin incision. C. Location of the quadriceps tenotomy. D. Intraoperative 
photograph with solid purple lines outlining the patella. E. Surgical iso- 
lation of the quadriceps tendon before tenotomy. F—H. Knee flexion 
just before the quadriceps tenotomy (F) and after the tenotomy (G,H). 
I. Lateral radiograph demonstrating restoration of a normal relation of 


the tibia on the femur. 


If 90 degrees of flexion cannot be obtained after the 
quadriceps tenotomy, the anterior knee capsule is re- 
leased as well as the lateral retinaculum until 90 degrees 
of flexion is obtained. 

An intraoperative lateral knee radiograph is obtained to 
ensure anatomic reduction of the tibia on the distal femur. 


After wound closure, a sterile dressing is applied, fol- 
lowed by a long-leg plaster cast with the knee in 90 de- 
grees of flexion. 


EXTENSILE RECONSTRUCTION OF CONGENITAL KNEE DISLOCATION 


This approach is usually performed between 6 months 
and 1 year of age. 

A midline longitudinal incision or serpentine incision can 
be used. The midline incision extends from the tibial tu- 
bercle to the middle of the thigh; the serpentine incision 
extends from the tibial tubercle to the proximal thigh.?” 


The serpentine incision may facilitate wound closure 
and result in fewer wound-healing problems than the 
straight incision. 

The patella, the quadriceps muscle and tendon, the 
patellar tendon, and the lateral retinaculum are all care- 
fully exposed. 
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TECH FIG 3 e V-to-Y quadriceps advancement. A. The quadriceps tendon is exposed proximal to the 
patella, and most of the medial and lateral fibers are detached from the tendon. The medial and lateral 
retinaculum is divided to the collateral ligaments. The iliotibial band is divided if the tibia is in valgus and 
externally rotated. B. The posterior borders of the lateralis and the medialis are divided sharply and the 
flap of muscle created is dissected free of underlying attachments to the femur. This will permit the tibia 
and collateral ligaments to slide posteriorly and allow sufficient mobilization of the quadriceps. C. With 
the knee flexed at about 40 degrees, the medialis and lateralis are reattached to the quadriceps tendon, 
creating the V-to-Y advancement and repair. The retinaculum is not closed. 


brosed, and often adherent to the distal femur. 

In severe cases, the patella is subluxed laterally. 

The quadriceps is lengthened using a V-to-Y advance- 
ment (TECH FIG 3). 

If the tibia is in valgus and external rotation, the iliotib- 
ial band should be divided at this point. 

The anterior knee joint capsule is released transversely to 


= The quadriceps muscle is striking in that it is small, fic ™ =The hamstrings and the cruciate ligaments can be left 


alone as these structures do not prevent knee flexion in 
the vast majority of cases. 

The quadriceps tendon is repaired with the knee in 30 to 
40 degrees of flexion. 

A spica cast is used for immobilization with the knee in 
about 45 degrees of flexion to prevent recurrent 
subluxation.’ 


the collateral ligaments. 

= The quadriceps muscle and the lateral retinaculum must 
be dissected free from the distal femur. This usually al- 
lows the knee to be flexed to 90 degrees. 





PEARLS AND PITFALLS 


Indications 





= A complete history and physical examination should be performed. 
= Associated diagnoses must be recognized as this can alter the prognosis and treatment strategy. 


= Care must be taken during manipulation and casting not to create iatrogenic fractures in the 
distal femur or proximal tibia. 
= Use of radiographs can confirm anatomic reduction of the tibia on the distal femur. 


Nonoperative treatment 


= Reapproximation of the quadriceps mechanism must be done in 30 to 40 degrees of flexion. '? 
Flexing the knee less than 30 degrees often results in recurrent subluxation, and flexion greater 
than 40 degrees is too much to permit reconstruction of the quadriceps tendon.? 


Extensile surgical approach 


Postoperative management = No matter what treatment method is used to correct the deformity, splinting and range-of- 
motion exercises are essential to maintain flexion and minimize loss of extension. A knee flexion 


contracture can be more debilitating than a lack of full flexion. 


Management of associated 
musculoskeletal problems 


= Associated clubfoot deformity can be treated at the same time as the CKD by incorporating the 
foot into the long-leg cast using the Ponseti method. 
= Management of associated hip dislocation should be done later as a staged procedure. 
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POSTOPERATIVE CARE 


=" A lateral radiograph of the knee is essential to ensure 
anatomic reduction of the tibia on the distal femur. 
=" Casting is required after each treatment method. The degree 
of knee flexion in the cast and the duration of casting vary 
with technique. 
" Percutaneous quadriceps resection 
A long-leg plaster cast with the knee flexed at least 90 
degrees is applied at the end of the procedure and worn 
for 4 to 6 weeks. 
After cast removal, the patient is placed in a Pavlik har- 
ness to maintain knee flexion for an additional 4 to 6 weeks. 
= Mini-open quadriceps tenotomy 
The initial long-leg plaster cast with the knee in 90 de- 
grees of flexion is changed in the operating room at 3 
weeks postoperatively to assess knee range of motion. 
Another long-leg cast is applied with the knee in 70 de- 
grees of flexion for 2 weeks. This cast is removed in the 
clinic and formal physical therapy is begun on an outpa- 
tient basis to maintain knee flexion and extension. Splints 
are also used for 4 to 6 weeks, alternating between a 
flexed and an extended position at the knee. 
" Extensile reconstruction: spica cast with the knee in about 
45 degrees of flexion 
=" Once casting is complete, close follow-up is mandatory to 
ensure maintenance of knee motion. 
= Splinting is also important after each treatment method 
to maintain maximal flexion and minimize loss of knee 
extension. 
= Physical therapy is also an essential part of postoperative re- 
habilitation and is done on an outpatient basis several times a 
week for up to 3 months. 


OUTCOMES 


= Patients with a hyperextension deformity that requires only 
serial manipulation and castings do very well long term both 
clinically and radiographically.*°°?"'° 

=" Roy and colleagues'’ report good short-term results using 
the percutaneous quadriceps tenotomy, but there are no long- 
term data with this technique. This technique was successful 
only in patients without associated syndromes or neuromuscu- 
lar deformities. 

" Dobbs and coworkers’ report good short-term results using 
the mini-open quadriceps tenotomy in patients with isolated 
CDK as well as in some children with associated genetic and 
neuromuscular conditions. No long-term follow-up is avail- 
able for this technique. 


= Patients with severe dislocation who have undergone an ex- 
tensive open procedure, but do not have any other associated 
musculoskeletal problem, generally do well long term if knee 
flexion is 80 degrees or greater. 

=" Children with associated neuromuscular disorders or ge- 
netic syndromes do not do as well long term. 

=" Children with bilateral deformities do not do as well as 
those with unilateral deformity. 

= Early correction has a more satisfactory result than late re- 
pair.47:11 


COMPLICATIONS 


=" Wound-healing problems have been reported with extensile 
approaches. 

= Loss of flexion initially gained at surgery can be a late com- 
plication. 

=" Development of a flexion contracture can occur postopera- 
tively and compromise long-term outcome. 

= Iatrogenic fractures of the distal femur, proximal tibia, or 
both can occur with casting and manipulation. 
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Surgical Management of 
Blount’s Disease 








DEFINITION 


= Blount’s disease, also known as idiopathic tibia vara and os- 
teochondritis deformans tibiae, is characterized by abnormal 
growth of the proximal tibia physis with progressive varus 
deformity. 
= Blount’s disease is classified into three types based on age of 
clinical onset: infantile (0-3 years); juvenile (4-10 years); and 
adolescent (11 years and older). 
" Infantile tibia vara is most prevalent in African-American 
females and is associated with obesity, internal tibial tor- 
sion, and leg-length discrepancy. Radiographs reveal a 
prominent medial metaphyseal beak, and the origin of the 
varus deformity is in the proximal tibia only. About 80% of 
cases are bilateral, and the potential for deformity is the 
greatest in this group. 
" Adolescent tibia vara is most prevalent in African 
American males with marked obesity, minimal internal tib- 
ial torsion, mild medial collateral ligament laxity, and mild 
leg-length discrepancy. The site of the deformity is in the 
proximal tibia and sometimes in the distal femur as well. 
About 50% of cases are bilateral, and pain rather than de- 
formity is more commonly the presenting complaint. 


ANATOMY 


=" When evaluating patients with Blount’s disease, the normal 
development of the tibiofemoral angle in children must be 
considered. 

=" The normal tibiofemoral angle in newborns is approxi- 
mately 15 degrees varus. It decreases with growth, so that the 
tibiofemoral angle approaches 0 degrees around 18 months 
of age. 

=" The tibiofemoral angle progresses to maximum valgus 
around 3 years of age and then decreases until adult physiologic 
valgus is achieved between 7 years of age and skeletal maturity. 
=" One standard deviation of the anatomic tibiofemoral angle 
throughout growth is approximately 8 degrees. 


PATHOGENESIS 


= Blount’s disease is likely due to a combination of genetic fac- 
tors and a cycle of increased stress across the medial physis, 
which leads to decreased medial endochondral ossification, 
further varus deformity, and, subsequently, further medial 
physeal stress. The medial physeal stress is aggravated by obe- 
sity and progressive genu varum. 

= Histopathologic studies of infanile and late-onset tibia vara 
are similar to those of patients with slipped capital femoral 
epiphysis. Findings include fissuring and clefts in the physis, fi- 
brovascular and cartilaginous repair at the physeal-metaphy- 
seal junction, foci of necrotic cartitlage, and marked disorga- 
nization of the medial degenerative physeal zone. 


The views expressed in this article are those of the author(s) and do not necessarily re- 
flect the official policy or position of the Department of the Navy, Department of 
Defense, or the United States Government. 


Eric D. Shirley and Richard S. Davidson 


= These findings are consistent with an arrest of the normal 
endochondral growth mechanism. 


NATURAL HISTORY 


=" A varus alignment of the lower extremity places excess 
stress on the medial compartment of the knee. This stress 
places the knee at increased risk for arthritis. 

= The goal of intervention is to restore the normal anatomic 
orientation of the knee and ankle joints and to restore the nor- 
mal mechanical axis of the leg. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The chief complaint in infantile tibia vara usually is deformity. 
In late-onset tibia vara, in contrast, knee pain is the primary 
complaint. The characteristics of the pain should be elicited. 
=" Patients may exhibit a limp, with or without a leg-length 
discrepancy. Observe the patient’s gaiting, noting a limp or 
lateral thrust. 
=" The mechanical axis of the lower leg is in varus. Genu recur- 
vatum and internal tibial torsion may be present as well. 
" Inspect the sagittal profile for the presence of genu recur- 
vatum; if present, it may be necessary to address it at the 
time of surgery. 
=" The Q angle provides a clinical estimate of the anatomic 
tibiofemoral angle. 
=" Range of motion and collateral ligament laxity also should 
be assessed. 


IMAGING AND OTHER 

DIAGNOSTIC STUDIES 

= AP long-leg radiographs (which include the hips, knees, and 
ankles) should be obtained (FIG 1). The patella (not the foot) 
must be pointing forward. 





FIG 1 © Orthoradiograph of patient with adolescent Blount’s 
disease. 


205 


my 206 


Section Ill RECONSTRUCTION 


= Infantile Blount’s disease has several characteristic radi- 
ographic findings. 
" To help differentitate infantile Blount’s disease from phys- 
iologic varus, the metaphyseal-diaphyseal angle is drawn. A 
metaphyseal-diaphyseal angle less than 10 degrees is consis- 
tent with physiologic varus, whereas an angle of more than 
16 degrees is consistent with infantile Blount’s disease. 
" Acute angulation of the medial proximal tibia, medial 
beaking, fragmentation of the medial metaphysis, progres- 
sive varus, and unilateral involvement are consistent with in- 
fantile Blount’s disease. 

Care must be taken that the radiographs are taken with 
the patella forward. 

If tibial torsion is present, the feet must cross medially 
so that the patella is forward. The medial and lateral 
flares of the distal femurs will be equal if the patella is 
forward. 

" The proximal tibia is examined to determine the 
Langenskidld stage. 

Stage I: Age under 3 years. Medial and distal beaking of 
metaphysis with irregularity of entire metaphysis 

Stage II: Age 2.5 to 4 years. Sharp anteromedial de- 
pression in ossfication line of wedge-shaped medial 
metaphysis 

Stage III: Age 4 to 6 years. Deepening of metaphyseal 
beak 

Stage IV: Age 5 to 10 years. Enlargement of epiphysis 

Stage V: Age 9 to 11 years. Cleft in epiphysis, appear- 
ance of double epiphysis 

Stage VI: Age 10 to 13 years. Closure of medial proxi- 
mal tibial physis 

= Late-onset Blount’s disease is characterized by less obvious 

changes in the proximal tibia. 
" These changes include wedging of the medial portion of 
the epiphysis, a mild posteromedial articular depression, a 
serpinginous curved physis of variable width, and mild or 
no fragmentation of the proximal medial metaphysis. 

=" Radiographic analysis for deformity has been well described 

by Paley et al.* 
" The magnitude of the overall lower extremity malalign- 
ment can be determined by the anatomic tibiofemoral angle 
or the mechanical axis deviation. The anatomic tibiofemoral 
angle is the angle between the midshaft lines of the femur and 
the tibia. The mechanical axis deviation is the distance from 
the center of the knee to the mechanical axis line of the leg. 
" Analysis of the frontal plane deformity begins with the 
malalignment test. 

The mechanical axis line is drawn from the center of 
the hip to the midpoint of the ankle plafond. 

To identify whether the source of the deformity is the 
femur, the tibia, or both, joint orientation angles are 
measured. 

The mechanical lateral distal femoral angle (mLDFA, 
normal value 85 to 90 degrees) and medial proximal tibial 
angles (MPTA, normal value 85 to 90 degrees) are mea- 
sured to determine which is/are abnormal. 

The joint line convergence angle is measured to deter- 
mine whether the joint line is an additional source of 
deformity. 

If the midpoints of the femur and tibia are over 3 mm 
apart, then frontal plane subluxation is a source of defor- 
mity as well. 


Finally, the joint lines are inspected for intra-articular 
sources of deformity. 
" The malorientation test is applied to the ankle and hip to 
determine whether these joints are oriented normally to the 
mechanical axis line. 
Abnormal joint orientation angles indicate which joints 
are contributing to the deformity. 
" Sagittal plane radiographs are obtained and analyzed as 
appropriate. 
" Leg lengths are measured in order to identify a leg-length 
discrepancy. 
= The location of the deformity point, or center of rotation 
of angulation (CORA), is identified during preoperative 
planning. 


DIFFERENTIAL DIAGNOSIS 


= Physiologic varus 

= Pathologic causes 

Blount’s disease 

Rickets 

Skeletal dysplasias 

Focal fibrocartilaginous dysplasia 
Renal osteodystrophy 
Osteogenesis imperfecta 


NONOPERATIVE MANAGEMENT 


= Nonoperative treatment with bracing may be indicated in 
patients with infantile Blount’s disease. 

=" Bracing should be considered for varus deformity greater 
than 15 degrees in children over 2 years of age with 
Langenskidld stage I or IT Blount’s disease. 

= Bracing usually is not helpful in obese African-American 
girls over the age of 3 years. 

=" Nonoperative treatment with bracing is not successful in 
adolescent Blount’s disease. 


SURGICAL MANAGEMENT 


=" The surgical treatment of infantile Blount’s disease is dis- 

tinct from that for adolescent Blount’s disease. 
" In patients with infantile Blount’s disease, the proximal 
tibial physis has several years of growth remaining. A prox- 
imal tibial osteotomy should be performed with the goal of 
correcting the anatomic tibiofemoral angle to within 5 de- 
grees of neutral. In addition to the osteotomy, medial prox- 
imal tibial physeal bar resection, lateral proximal tibial epi- 
physiodesis, or tibial pleateau elevation can be performed to 
improve the alignment of the physis and to allow for proper 
future growth. 

Definitive surgery for infantile Blount’s disease should 
be done before 5 years of age, because recurrence may de- 
velop if surgery is performed after this age. 

" In patients with adolescent Blount’s disease, treatment 
options are hemiepiphysiodesis and osteotomy. However, 
if insufficient growth remains for hemiepiphysiodesis to be 
effective, osteotomy is the best option for correction of the 
deformity. Hemiepiphysiodesis of an already short limb 
may leave the patient with a significant limb-length in- 
equality. If such limb-length inequality will require os- 
teotomy for lengthening, the tibia vara should be corrected 
by osteotomy for angular and linear correction with exter- 
nal fixation. 
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= The objective of the osteotomy is to obtain a neutral mechan- 
ical axis with a horizontal knee joint. Many different types of 
osteotomies have been described for the treatment of adolescent 
Blount’s disease, including opening and closing wedge os- 
teotomies, dome osteotomies, and oblique osteotomies. 
= Following the osteotomy, fixaton may be achieved with ex- 
ternal or internal fixation. The use of cast immobilization 
alone has been associated with a loss of correction. 
" Internal fixation after osteotomy for Blount’s disease has 
been associated with problems. Loder et al’ reported poor re- 
sults in patients treated with internal fixation and noted 
many were internally fixed in malposition, likely due to diffi- 
culty in assessing intraoperative alignment. Crossed K-wires 
have been associated with a loss of fixation. The use of plates 
has been associated with stress shielding, delayed and non- 
union, and hardware breakage, and requires a second surgi- 
cal procedure to remove the implant. 
= External fixation allows for acute or gradual correction 
and for later adjustments as clinically and radiographically 
indicated. In addition, external fixation allows for correc- 
tion of the coexistent leg-length discrepancy. Price et al° re- 
ported the successful use of dynamic external fixation to sta- 
bilize osteotomies for tibia vara without supplemental cast- 
ing. Monolateral, hybrid, or circular external fixators may 
be used. 
= In this chapter, we describe the technique for correction of 
adolescent Blount’s disease via osteotomy and external fixa- 
tion. The external fixator used in this technique is the EBI 
Multi-Axial Correction System (EBI, Parsippany, NJ). This 
fixator allows gradual or acute correction of deformity in two 
planes of angulation, two planes of translation, rotation, and 
lengthening without the disadvantages of a ring fixator. 


Preoperative Planning 


= Standing lower extremity alignment radiographs are obtained 
(see Fig 1). The location of the CORA in the tibia in Blount’s 
disease cannot be determined by simply drawing two shaft lines, 
because the deformity is metaphyseal or juxta-articular. 
" If the mechanical axis method of preoperative planning is 
used, the mechanical axis of the proximal tibia may be esti- 
mated by extending the femoral mechanical axis (if mLDFA is 
normal) or by drawing the MPTA of the contralateral MPTA 
(if normal) or the population normal value (87 degrees). 
= The distal tibia mechanical axis of the tibia is represented 
by a line that begins at the center of the ankle and extends 
parallel to the shaft. If the distal tibia has insufficient shaft 
length on which to base the line, the line is drawn using the 
contralateral lateral distal tibia angle (LDTA) or the popu- 
lation normal value (90 degrees). 





= The intersection of these lines is the CORA. 
" If the femur also was found to be a source of deformity 
during the alignment test, then CORA in the femur is iden- 
tified as described by Paley et al.* 
=" The technique described in this chapter is for adolescent 
Blount’s disease with deformity located solely in the proximal 
tibia metaphysis. 
= ‘The external fixator used in this technique can be applied in 
three different locations with respect to the CORA: CORA- 
centric, CORA-perpendicular, and CORA-proximal. 
" The CORA-centric method places the fixator hinge directly 
over the CORA and minimizes unintended translation. 
" The CORA-perpendicular application places the fixator 
hinge on the bisector of the deformity, which, when placed on 
the convex side of the deformity, produces simultaneous 
lengthening during angular correction. CORA-perpendicular 
application is advisable only when lengthening is required. 
=" The CORA-proximal application places the hinge near 
the CORA. This application is used when the hinge cannot 
be placed on the CORA or the bisector and relies on the 
flexibility of the hinges and translation screws to correct sec- 
ondary translation. 
Positioning 
= The patient is placed supine on a radiolucent table. The use 
of an OSI table with Jackson imaging top (Orthopaedic 
Systems, Inc, Union City, CA) permits fluoroscopic images to 
be taken with minimal difficulty. A bump may be placed under 
the ipsilateral buttock. 
= A tourniquet typically is not used, because the thigh circum- 
ference of patients with Blount’s disease often is too large for 
a tourniquet to be used effectively. 
= The entire lower extremity is prepared and draped. The toes 
are left uncovered so that muscle contraction caused by inad- 
vertent nerve irritation during pin placement is visible. 


Approach 


=" The procedure is divided into fibular osteotomy, external 
fixator application, proximal tibia osteotomy, and completion 
of the surgery. Prophylactic fasciotomies are performed during 
exposure for the fibular and tibial osteotomies. 

= The lateral approach to the fibula is used for the fibular os- 
teotomy and lateral compartment fasciotomy. Small medial 
and lateral incisions are made for the tibial osteotomy, and the 
anterior compartment is released from the lateral incision. 

=" The surgeon must have thorough knowledge of the cross- 
sectional anatomy of the lower leg and the half-pin positions 
of safety. 
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Fibula Osteotomy " 


= A longitudinal incision is made just lateral to the fibula 
at the intersection of the middle and distal thirds of the 
lower leg. Dissection is carried down to the deep fascia. 

= A prophylactic subcutaneous lateral compartment fas- 
ciotomy is then performed. Care is taken to avoid injury 
to the superficial peroneal nerve and its branches. 


The peroneus longus and peroneus brevis muscles are vi- 
sualized. These muscles are then retracted either anteri- 
orly or posteriorly (depending upon exposure), and the 
fibula is visualized. Subperiosteal exposure of the fibula 
is then developed using a Cobb elevator or right-angle, 
and retractors are placed around the fibula to protect 
the soft tissues. 
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TECH FIG 1 e An oblique 1-cm wedge is removed from the 
fibula. 


The tibia is corrected in the direction of valgus. Because 
the fibula is lateral to the tibia, correction will push the 
fibula proximally. 

To prevent damage to the peroneal nerve at the proxi- 
mal fibula, a 1-cm segment of bone is removed from the 
fibula. Oblique cuts in the fibula are made with the most 
proximal end aspect of the cut in the posterior edge of 
the fibula (TECH FIG 1). The cut is made carefully so that 
the saw is not inadvertently pushed past the posterome- 
dial edge of the fibula with resultant injury to the per- 
oneal artery. 

Wound closure is performed at this point, because this is 
easier to do before the external fixator is applied. 


External Fixator Application 


The external fixator can be assembled before the proce- 
dure begins or just before application. 





E lb 


A rotating arc is selected that will allow for correction of 

coexisting rotational deformity or rotation inadvertantly 

caused by misplacement of the fixator. 

= The ring size (130, 150, 180, or 220 mm) is based on the 
leg circumference at the level of the proximal tibia. 

=" The arc should match the curvature of the anterior 
proximal tibia with two fingerbreadths between the 
ring and the leg. 

The adult multiaxial correction (MAC) central component 

is then attached to the center of the rotating ring such 

that the primary arc on the MAC central component is 

facing anteriorly. 

=" The MAC female adapter is placed at the other end of 
the MAC central component, and the telescoping arm 
is attached to the female adapter. 

=" The primary hinge of the MAC central component is 
adjusted so that the fixator matches the angular de- 
formity of the tibia. 

In the example illustrated in this section, the MAC is ap- 

plied in the CORA-centric location. 

=" The CORA, as identified during preoperative plan- 
ning, is localized under fluoroscopy, and an appropri- 
ately sized guide pin (supplied with the MAC) is 
placed from anterior to posterior into the CORA 
(TECH FIG 2A). 

= The guidewire should be perpendicular to the tibial 
diaphysis. Although placement of the guidewire ex- 
actly into the CORA can be difficult, the multiangular 
or translation and rotation ability of the MAC device 
can correct any secondary deformity due to misplace- 
ment of the MAC off the CORA. 





TECH FIG 2 « A. Fluoroscopy is used to localize the CORA (which was identified during preoperative planning). B. Sterile web 
roll padding is placed over the guidewire to serve as a spacer. C. The MAC external fixator is placed on top of the spacer. 
D. Two or three bone screws are placed in the proximal tibia. E. The length and angulation of the MAC external fixator are 
adjusted to match the deformity. F. Three bone screws are placed in the tibia shaft. 
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= Sterile Webril padding (The Kendall Company, 
Mansfield, MA) is then placed around the K-wire to 
serve as a two-fingerbreadth spacer (TECH FIG 2B). 

=" The centering hole of the primary hinge of the MAC 
fixator is placed over the K-wire so that the fixator 
rests on top of the spacer (TECH FIG 2C). 

Universal screw carriages are locked onto the rotation 

arc and used as guides for placement of two or three 

proximal screws. 

Three proximal half-pins are then placed in the safe 

zones of the proximal tibia. 

= At least one pin is placed from anteromedial to pos- 
terolateral and one is placed from anterolateral to 
posteromedial. 

= The pins are placed distal to the physis (which may be 
open). 

= Care should be taken not to place the screws so close 
to the MAC device as to block rotation. 

Holes are predrilled bicortically with the 4.8-mm drill bit, 

and 6.0-mm pins are placed. 

™ We prefer to use hydroxyapatite-coated pins to re- 
duce the risk of loosening and, therefore, infection. 
Pin size typically is around 60 mm thread length and 
160 to 180 mm overall length (TECH FIG 2D). 

= The size of the bone screw depends on the size of the 
patient, the tibia at the level of screw insertion, and 
the size of the arc chosen. 

The carriages are tightened after the pins are placed. The 

MAC is then adjusted to the tibial deformity, ensuring 

that the distal bone screw block is parallel to the distal 

tibial diaphysis at the medial subcutaneous face of the 

tibia (TECH FIG 2E). 

Three distal half-pins are placed through the telescop- 

ing arm in the midshaft of the tibia (TECH FIG 2F). Pin 

size typically is 120 mm overall and 40 mm of thread 

length. 

= If the MAC is aligned such that the pins placed 
through the telescoping arm will not go through the 
tibia, the CORA pin should be removed and the 


device rotated so that the pins are aligned. (If this is 
done, rotation must be corrected first before the re- 
mainder of the deformity is corrected). 
At this point, all the pins (bone screws) have been 
inserted. 


Tibia Osteotomy 


Using the MAC external fixator, placing the pin at the 

CORA allows deformity correction to occur at the CORA. 

The osteotomy does not have to be made at the CORA. 

It should be performed just below the insertion of the 

tibial tubercle, decreasing the risk of damage to the 

nearby physis and joint line. Placement of the osteotomy 

below the tibial tubercle will also avoid pulling the 

patella distally during distraction. 

The tibial osteotomy may be performed using one of sev- 

eral different techniques. Our preference is to perform 

the osteotomy through small transverse anteromedial 

and anterolateral incisions with a Gigli saw passed sub- 

periosteally. 

Fluoroscopy is used to identify the metaphyseal-diaphy- 

seal junction where the osteotomy will be made. 

The guide pin is removed. 

A 2-cm transverse incision is made on the medial and lat- 

eral aspects of the anterior tibia at the level for the os- 

teotomy. The incision is made transversely to avoid skin 

injury from the Gigli saw. 

From the lateral incision, dissection is carried down to 

the fascia of the anterior compartment. 

A prophylactic subcutaneous release of the anterior com- 

partment is then performed through this incision. 

A hemostat is used to expose the tibia subperiosteally at 

the level of the osteotomy (TECH FIG 3A). 

= Umbilical tape is then held taut by a right-angle and 
passed, subperiosteally, around the back of the tibia 
(TECH FIG 3B). A hemostat is placed posterior to the 
tibia from the opposite side, and the umbilical tape is 
grasped and pulled out the opposite side of the leg 
(TECH FIG 3C). 





TECH FIG 3 e A. Subperiosteal exposure of the tibia is developed at the level of the osteotomy. 
B. Umbilical tape is held taut by a right angle clamp. C. The umbilical tape is pulled posterior to 
the tibia. 
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=" To verify that the saw has not been placed around the 
anterior or posterior tibial arteries, the ends of 
the umbilical tape are pulled taut while palpating the 
pedal pulses for occlusion. Care should be taken to 
avoid shredding the umbilical tape, which can leave 
foreign material behind. 

The Gigli saw is then tied to the umbilical tape to pass 

the saw around the back of the tibia. 

= The osteotomy is then performed with the Gigli saw. 

= Care is taken to avoid injury to the skin. 

™" Fluoroscopy is used to verify the completion of the os- 
teotomy and alignment of the proximal and distal 
fragments with the external fixator. 


Completion of Surgery 


The lengthening device is then inserted onto the tele- 
scoping arm and turned such that it slides into the tele- 
scoping arm (TECH FIG 4A). Both screws of the length- 
ening device are then tightened. 


All screws of the external fixator are then given their 
final tightening. 

All wounds are closed, and a sterile dressing is applied 
(TECH FIG 4B). 

Acute correction typically is not performed if there is risk 
of stretching neurovascular tissues. 

During the first postoperative week, the patient learns 
to walk with crutches, 10 pounds, partial weight bearing. 
On the 8th day, the patient is taught to lengthen 
through the compression distraction mechanism at a rate 
of one 90-degree turn of the Allen wrench four times a 
day. This will cause lengthening of 1 mm per day. 

On the 14th day, a radiograph should show that the ends 
of the osteotomized tibia are separated by a distance of 
about 7 mm (TECH FIG 4C,D). 

Angular correction can now begin. The patient is 
taught to place the Allen wrench into the primary an- 
gulation screw and turn 90 degrees in the direction for 
angular correction. This 90-degree turn will correct 





TECH FIG 4 e A. The lengthening device is applied. B. A sterile dressing is applied. 
C,D. Radiographs are taken to verify that there is distraction at the osteotomy site prior to 
correcting angulation. E,F. Correction is performed until the angulation has been recitified. 
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1 degree of angular deformity and can comfortably be 
performed four times a day for a correction of about 4 
degrees per day until the deformity is corrected (TECH 
FIG 4E,F). 

Long radiographs are then taken to assess the correction. 


Once the deformity is corrected, all screws and locks 
on the MAC device are secured. The device can be 
safely removed after passage of at least 1 month per 
centimeter of lengthening and a minimum of about 
3 months. 
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Secondary deformity (flexion or extension) can be cor- 
rected through the secondary hinges, translation screws 
(one 360-degree turn translates 1 mm), lengthening 
screws, and the rotation arc (one 90-degree turn corrects 
1 degree of rotation). 


Radiographs should also demonstrate healing of at 
least three cortices on each of the AP and lateral 
views before removal of the fixator. 


=" Training and experience with external fixation and 


deformity correction is always advised. 





PEARLS AND PITFALLS 





Indications 


= A correct diagnosis of Blount’s disease must be made before treatment is initiated. Treatment alter- 


natives, including hemiepiphysiodesis (if there is sufficient growth remaining), must be discussed with 


the patient and family. 


Deformity planning 


= Radiographs must be evaluated carefully and systematically so that the location of the CORA and 


coexistent deformities of the femur or sagittal plane are identified. 


Neurovascular injury 


# All half-pins must be placed into safe zones of the leg to avoid inadvertent neurovascular injury. 


= Careful neurovascular examinations must be performed postoperatively. 


Postoperative care 


= Patients must be followed closely during correction so that malalignment does not occur. Pin site in- 


fections must be recognized and treated appropriately. 


POSTOPERATIVE CARE 


= Pateints are admitted to the hosptial and monitored closely 
for signs and symptoms of neurovascular injury and compart- 
ment syndrome. 

= Patients intially are allowed touch-down weight bearing 
only. Range-of-motion exercises are begun immediately. 

= Pin care is begun on postoperative day 2. Patients are in- 
structed on the signs and symptoms of pin site infections. 

=" No adjustments or corrections are made to the external fix- 
ator for the first 7 days. A 7-day latency allows fracture callus 
to develop at the site of the osteotomy. Then the correction 
phase is begun. 

= The correction phase begins with lengthening the leg by 7 to 
8 mm at a rate of 1 mm per day (0.25 mm four times per day) 
to separate the bone ends. Angulation is then corrected. The 
patient is evaulated clinically and radiographically to follow 
correction of the mechanical axis. Scanograms can then be ob- 
tained to determine leg-length inequality, which can be cor- 
rected by lengthening with the fixator. The rotational defor- 
mity (internal tibial torsion) is corrected last. Placing white ad- 
hesive tape with arrows onto the device helps patients remem- 
ber how to turn the screws appropriately for angular, linear, 
and rotational correction. 

=" Weight bearing is increased during the consolidation 
period. The consolidation period is approximately twice 
the correction period. Most patients treated with this tech- 
nique for adolescent Blount’s disease will have the external 
fixator on for 3 to 4 months. They can walk with crutches 
initially and progress to full weight bearing as the osteotomy 
heals. They can shower within 3 days of application of the 
fixator. 


=" When radiographs show that the ostetotomy and distraction 
gap have healed, the external fixator is removed. Removal can 
be done in the office or in the operating room. Considerable 
torque is required to remove hydroxyapatite pins, and this 
must be done in the operating room with adequate sedation 
and analgesia. 


OUTCOMES 


= Because adolescent Blount’s disease is relatively uncommon, 
there are few outcome studies in the literature. 

= Price et al? reported on the treatment of 31 tibiae in 23 pa- 
tients with dynamic external fixation. All osteotomies healed. 
There was an average correction of 20 degrees, and no postop- 
erative loss of correction occurred. 


COMPLICATIONS 


=" High complication rates have been reported for proximal 

tibial osteotomies. 
= Steel et al® reported a 20% rate of neurologic complica- 
tions in 46 tibial osteotomies. The neurologic complications 
are related to the location of the osteotomy, which must be 
done in the metaphysis to avoid damaging the proximal 
tibial epiphysis. 
" Deformity correction at this level can stretch or compress 
the anterior tibial artery because of its proximity to the tibia 
at that level. While arterial stretch or compression is more 
common than laceration or edema in anterior compartment 
following correction, prophylactic fasciotomies of the ante- 
rior and lateral compartments are still indicated to decrease 
the risk of neurovascular complications. 

=" Other complications include delayed union and nonunion. 
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Femoral or Proximal Tibial 


Epiphysiodesis 


J. Richard Bowen 


DEFINITION 
= Epiphysiodesis (epiphysio—-diaphyseal fusion) is an estab- 
lished method to treat a mild limb-length discrepancy (2 to 
5 cm) in children. 
=" With epiphysiodesis, growth of a longer extremity is inhib- 
ited by prematurely arresting a selected physis so that the re- 
maining growth of the shorter extremity may approximate or 
equalize limb lengths at maturity. 
=" The open epiphysiodesis technique was first described 
by Phemister in 1933*° and modified by White in 1944.*° 
“Percutaneous epiphysiodesis” was reported first by Bowen 
and Johnson in 1984.*-7° 
= Subsequently, other variations of percutaneous epiphys- 
iodesis with their outcomes have been reported. 
=" When equalizing limb-length discrepancy by epiphysiodesis, 
caution should be used in terms of the patient’s age at opera- 
tion, the physis selected for premature closure, and the num- 
ber of physes necessary to correct the discrepancy. 
=" Useful data in decision making include: 
" Body length from head to foot (to determine percentile of 
height) 
" Length of the bones of the lower extremity (to determine 
degree and source of discrepancies) 
" Skeletal maturation age (to determine potential remaining 
growth), and the disease course that caused the limb in- 
equality (to determine the predictability of remaining 
growth) 
=" Proper patient age for timing of the epiphysiodesis may 
be determined by several methods, including the Green and 
Anderson method,’” the Mosley straight-line method,’® the 
“rule of thumb” method,'° and the multiplier method.'*"® 
= Physeal stapling is an alternative operative procedure for 
correcting limb inequality by retarding growth in a longer ex- 
tremity. The goal of physeal stapling is to retard growth of a 
physis with staples until the desired correction is obtained, 
after which the staples can be removed, with physeal growth 
resuming until maturity. 


ANATOMY 


= An epiphysiodesis can be achieved by ablation of the medial 
and lateral peripheral margins of the physis. These subse- 
quently form bony bars that restrict growth, and then the cen- 
tral aspect of the physis closes spontaneously, resulting in a 
total epiphysio—diaphyseal fusion. 
= Caution is required in the femur distally because the epi- 
physis is narrow at the central area of the physis. 
" Posteriorly the neurovascular structures are deeply posi- 
tioned within the condyles, and anteriorly the patella—femoral 
joint is close. 

Injury to the neurovascular structures may be cata- 
strophic. Therefore, I prefer the peripheral margin abla- 
tion technique as described here, in which the central area 
of the physis remains undisturbed. 


=" ‘he common peroneal nerve at the knee runs obliquely 
along the lateral side of the popliteal fossa, close to the medial 
border of the biceps femoris muscle and the lateral head of the 
gastrocnemius muscle, toward the head of the fibula. 
= The nerve winds posteriorly around the neck of the proxi- 
mal fibula and passes deep to the peroneus longus muscle, 
where it divides into the superficial and deep peroneal nerves. 


PATHOGENESIS 


= The etiology of a limb-length discrepancy may be important 
in determining the appropriate patient age at which the percu- 
taneous epiphysiodesis is performed. 

= Shapiro reported different patterns of growth inhibition that 
may cause shortening of a limb.”” 

=" Predictable growth of the shorter extremity is required to 
achieve optimal results with a percutaneous epiphysiodesis. 


NATURAL HISTORY 


= After a percutaneous epiphysiodesis, bony bridges form at 
the peripheral margins of the physis both medially and later- 
ally. These bony bars prevent further physeal growth. 
= After peripheral bony bar formation following a percuta- 
neous epiphysiodesis, the central area of the physis (unoper- 
ated area) will spontaneously close within 6 to 8 months.*?*** 
" The scientific reason for this spontaneous closure of the 
central area is unclear. Confusion exists in that staples do 
not cause physeal closure, whereas peripheral bony bars 
from an epiphysiodesis result in progressive physeal closure. 
= I have studied this phenomenon but found no definitive 
causes,*?:24 
=" Reversal of limb-length discrepancy could occur if the 
shorter limb (contralateral) were to overgrow the epiphysiode- 
sis limb (ipsilateral) before maturity. 
= [ have not had a patient have this complication, but fol- 
low-up until skeletal maturity is advised. 
" By following growth until maturity, this potential prob- 
lem may be detected and a contralateral epiphysiodesis may 
prevent a limb-length discrepancy at maturity. 
= A percutaneous epiphysiodesis can be used in combination 
with contralateral limb lengthening in patients with severe 
shortening. 
" In major limb-length discrepancies, lengthening may not 
be able to correct the full discrepancy, and remaining small 
discrepancies of 2 to 5 cm may be more easily corrected by 
a contralateral percutaneous epiphysiodesis than by a sec- 
ondary ipsilateral lengthening. 
" After leg-lengthening procedures, growth of the length- 
ened limb may be retarded or occasionally stimulated. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= The patient history and physical examination should include 
the following: 
= Etiology of the limb-length discrepancy 
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= The patient’s height (percentile of height)*!° 


The total height and the leg lengths (in centimeters) are 
measured, The percentile of height is then determined and 
used to plot limb-length predictive charts. 

" The level of maturation, based on the appearance of sec- 
ondary sexual characteristics and the Tanner scale.'’ 
Caution should be used if the clinical maturation scale dif- 
fers significantly from the Greulich and Pyle skeletal devel- 
opmental age. 
" Foot height (foot height is not typically considered in ra- 
diographs that measure limb length) 
" The patient’s “bone age” (expressed in years) using the 
Greulich-Pyle method. Caution should be used if the 
chronological age differs from the “bone age.” 
=" Radiographs of the limbs are obtained to measure the tibia 
and femur (expressed in centimeters). These measurements are 
plotted on growth charts to predict the discrepancy at matu- 
rity and to determine the age for epiphysiodesis. 
=" Blocks of differing thicknesses are placed under the foot of 
the shorter limb until the pelvis is level to determine the length 
discrepancy (expressed in centimeters). This method also helps 
evaluate discrepancies in the foot that are not reported by 
radiographs. 
= After length measurements of both limbs are obtained, the 
ratio of femur to tibial discrepancy of the normal to abnor- 
mal limb is determined. 
= A disease diagnosis can be made with Shapiro developmen- 
tal patterns.2* However, proportional inhibition of growth is 
more predictable, while disproportional growth is difficult to 
predict. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


" Skeletal age determination by the Greulich and Pyle method"’ 
=" Green-Anderson method of predicting limb-length discrep- 
ancy (my preference)*” 

=" Mosley graphic method of predicting limb-length discrep- 
ancy ’° 

= Multiplier method of predicting limb-length discrepancy”'® 
=" Menelaus “rule of thumb” method of predicting limb-length 
discrepancy’? 


NONOPERATIVE MANAGEMENT 


=" No treatment is required if the limb-length discrepancy is 
less than 2.5 cm at maturity. 
= A shoe lift can be used to treat mild limb-length discrepan- 
cies of more than 2.5 cm. 
" Often a lift is used in children until an appropriate skele- 
tal age is reached to perform an equalization procedure. 
=" A prosthesis may be necessary if deformities are so severe 
that adequate length or ambulatory ability cannot be achieved 
by operative methods. 
" Surgery may be necessary to provide an appropriate 
stump for the prosthesis, and a percutaneous epiphysiodesis 
is used occasionally to achieve correct stump length. 


SURGICAL MANAGEMENT 


= Epiphysiodesis is most commonly performed at the distal 
femoral physis or the proximal tibia—fibula physis. 

= Ablation of the peripheral margins both medially and later- 
ally in a physis causes bony bridges to form between the epi- 


physis and metaphysis that accomplish growth inhibition in 
that physis (epiphysiodesis). 
= This can be accomplished by different techniques and in- 
struments, which include a curette, a drill, a burr, a reamer, 
and a circular tube saw. 
" I prefer a curette because surgeon control is easy and the 
curette can be passed percutaneously. I have used various in- 
struments, but drills and burrs tend to burn and occasion- 
ally grab tissue, and reamers and circular saws require a 
larger incision (really not percutaneous, almost the size of a 
typical open epiphysiodesis). 
= A bony bridge needs to form only at the peripheral margins 
of the physis both medially and laterally to accomplish an epi- 
physiodesis. The central part of the physis does not require 
treatment because it will close spontaneously. 
" The stability of the bone is maintained postoperatively 
and the patient may continue to ambulate. 
= T restrict sports for 6 weeks to reduce the possibility of a 
fracture. 


Preoperative Planning 


= Anticipated remaining growth is determined by one of the 

following methods: 
= Green-Anderson method’? 

Mosley graphic method"® 

Multiplier method'® 

Menelaus “rule of thumb” method'® 

I prefer the Mosley straight-line method because growth 
inhibition is expressed graphically, multiple data entries can 
be charted to help predict growth more accurately, and the 
method is easy to calculate in a brief outpatient visit. 

= I perform a proximal fibular epiphysiodesis in addition to 

the proximal tibial epiphysiodesis if the final discrepancy be- 

tween the tibia and fibula is anticipated to be more than 1 cm. 
" If the discrepancy is anticipated to be less than 1 cm, I do 
not perform a proximal fibular epiphysiodesis and have not 
detected a clinical problem with such a mild discrepancy. 


Positioning 

= Image intensification 

= Supine position 

= The limb is prepared and draped up to the proximal thigh 
into a sterile field. A tourniquet is placed on the proximal 
thigh but is not inflated unless bleeding occurs. 


Approach 


=" Femoral epiphysiodesis at distal physis 
" Longitudinal incisions of 3 mm (stab incisions) medially 
and laterally in the skin at the level of the physis at its pe- 
ripheral area 

= Tibial epiphysiodesis at proximal physis 
= Longitudinal incisions of 3 mm 
" Medially the incision is 3 mm at the level of the physis at 
its peripheral area. 
= Laterally the incision is 3 mm at the level of the physis and 
at the anterior border of the fibula. 

= Fibular epiphysiodesis at the proximal physis 
" The same incision is used for the fibular epiphysiodesis as 
for the lateral physeal area of the tibia; however, in the epi- 
physiodesis of the fibula the curette is directed differently to 
avoid injury to the common peroneal nerve (described 
below). (See above section on anatomy.) 
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EPIPHYSIODESIS OF THE FEMORAL PHYSIS DISTALLY OR THE 
TIBIAL PHYSIS PROXIMALLY 


Preparation of the Physis 


A metal marker is placed over the skin and under the 
image intensifier, and the level of the physis is identi- 
fied at its peripheral area (either medially or laterally) 
(TECH FIG 1A). 

A 3-mm skin incision is made with a scalpel at the level of 
the physeal plate on the peripheral side (medially or 
laterally) (TECH FIG 1B). 


Under image intensification control, a 3-mm-wide os- 
teotome is directed through the skin incision to make a 
longitudinal split in the periosteum-—cortex, and the phy- 
seal plate is then penetrated to a depth of about 0.5 cm 
(TECH FIG 1C,D). 

The osteotome is rotated to create a hole in the physis 
and is then withdrawn. 





TECH FIG 1° A. Patient's leg under an image intensifier with a metal pointer identifying the level of the femoral physis dis- 
tally. B. The incision is only 3 mm. C. A 3-mm-wide osteotome is being directed through the skin incision to make a longitudi- 
nal split in the periosteum-—cortex and the physeal plate. D. A radiographic view of the osteotome penetrating the physeal 
plate to a depth of about 0.5 cm. 


Physeal Plate Ablation 


A 3-mm oval curette is advanced through the skin into 
the hole of the physis (TECH FIG 2A). 

Under image intensification control, the curette is ro- 
tated and advanced to the level of the inner third of the 
physis (TECH FIG 2B). 

The curette is then swept cephalad and caudad in the 
physis to ablate the peripheral third of the physis, leav- 
ing the middle third intact (TECH FIG 2C). 


Specific surgical attention is directed toward adequate 
ablation of the most peripheral aspect of the physeal 
plate (TECH FIG 2D-F). 

The same operative process is repeated on the opposite 
side of the physeal plate (medially or laterally), again 
sparing the middle third of the physeal plate. 

The wound is closed by suture (typically one absorbable 
suture) (TECH FIG 2G). 





TECH FIG 2 « A. The curette is advanced through the incision into the hole of the femoral cortex. B. The 
curette is rotated and advanced to the level of the inner third of the physis. C. The anticipated area of ab- 
lation of the peripheral third of the physis (both medially and laterally). The curette is swept cephalad and 
caudad in the physis to ablate the peripheral third of the physis, leaving the middle third of the physis in- 
tact. (continued) 
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TECH FIG 2 e (continued) D. A photograph of a specimen demonstrating the ablation of the peripheral third of 
the physis, leaving the middle third of the physis intact. E. A photomicrograph of the femoral physis distally 
demonstrating the ablation of the peripheral third of the physis, leaving the middle third intact. F. A computed 
tomography section through the femoral physis distally demonstrates the ablation of the peripheral third of the 
physis. Note the narrow space in the middle third of the physis, with the neurovascular bundle posteriorly 
(between the femoral condyles) and the patellofemoral joint anteriorly. G. The 3-mm incision has been closed with 
a single suture. The incision is covered by an adhesive strip and bandage. 


Epiphysiodesis of the Fibula 
Proximally 


The same incision is used to perform the epiphysiodesis 
of the fibula as the proximal physis of the tibia laterally. 
To avoid injury to the common peroneal nerve with a 
percutaneous epiphysiodesis of the proximal fibula, di- 
rect the curette into the anterosuperior area of the prox- 
imal epiphysis and then inferiorly into the physis of the 
proximal fibula (TECH FIG 3A). 

=" The most superior extent of the fibular epiphysis 

proximally is usually at the level of the tibial physis. 

The curette is used to ablate the entire central area of 
the physis of the fibula to achieve the epiphysiodesis 
(TECH FIG 3B). 


= The surgeon should not exit the cortex of the fibula 
as the central area is ablated. 

The 3-mm incisions are each closed with a single suture. 

The incision is covered by an adhesive strip and bandage. 

A knee immobilizer foam brace is applied and main- 

tained postoperatively. 

=" The elastic of the knee immobilizer adds very mild 
compression to the incision and helps prevent a 
hematoma or edema. 

= The knee immobilizer brace should not be applied 
with a force that impedes circulation. 





TECH FIG 3 « A. Dissection of the common peroneal nerve at the level of the 
fibula head. The nerve passes posteriorly and inferiorly to the fibula epiphysis. 
B. Technique of percutaneous epiphysiodesis of the fibula proximally. To avoid 
injury of the common peroneal nerve, the curette is directed into the antero- 
superior area of the proximal epiphysis and then inferiorly into the physis of 
the fibula. (The most superior extent of the fibular epiphysis proximally is usu- 
ally at the level of the tibial physis.) The curette is used to ablate the entire cen- 
tral area of the physis of the fibula to achieve the epiphysiodesis. The surgeon 
should not exit the cortex of the fibula as the central area is ablated. 


Chapter 31 PERCUTANEOUS DISTAL FEMORAL OR PROXIMAL TIBIAL EPIPHYSIODESIS 


PEARLS AND PITFALLS 





Discrepancy between bone age 
and chronological age 


Discrepancy between predictive 
charts and parental opinion 


Neuromuscular weak and short 


extremity acceptable. 


Follow-up to maturity 


= In such cases, | prefer to use the bone age. Another choice is to use a stapling technique 
(or figure 8 plate-screw), which preserves the physis, rather than epiphysiodesis. 


= Use several methods to substantiate the outcome. Also, | prefer to delay the epiphysiodesis for 
a short period to ensure that the limb lengths do not reverse the discrepancy. Another choice 
is to use a stapling technique. 


= | prefer to have the weak extremity slightly shorter at maturity; about 1 to 1.5 cm short seems 


= Some diseases tend to produce growth in a manner that is poorly predictable. If the limb 


lengths correct and remaining growth will cause a problematic (reversal) discrepancy, | would 
perform a contralateral epiphysiodesis. 


POSTOPERATIVE CARE 


= Postoperatively the leg is protected by a knee immobilizer 
brace, and full weight bearing with crutch support is allowed. 
" The patient may usually be discharged within the same 
operative day (outpatient surgery). 
" The knee immobilizer is used for 3 to 4 weeks to protect 
the extremity from fracture. 
= The scars of the percutaneous epiphysiodesis are small 
and have an acceptable appearance (FIG 1). 
=" Radiographs are performed about 4 to 6 months postoper- 
atively to ensure adequate healing. 
" Bony bars at the peripheral margins of the physis are usu- 
ally observed radiographically by 6 months postoperatively. 
" Total closure of the physis occurs 8 to 12 months postop- 
eratively. 
= Correction of the leg-length discrepancy may be deter- 
mined by periodic radiographs and clinical examinations. 
=" During postoperative evaluations the extremity should be 
evaluated to ensure appropriate length correction and to 
watch for an angular deformity. 
" Lack of appropriate closure may result in undercorrection 
and asymmetric closure causes angulation. 


OUTCOMES 


=" Recently I reviewed the outcome of percutaneous epiphys- 
iodesis as described above in a consecutive series of 97 patients 
(56 girls and 41 boys) with a mean skeletal age of 12.6 years 
(range 10 to 16 years) at surgery. All patients were followed 
until skeletal maturity, a mean of 3.8 years. The mean residual 
limb-length discrepancy in 88 patients at maturity was 1.3 cm 
(I consider normal to be a lower-limb discrepancy of less than 





FIG 1 © Very small leg scar after a percutaneous epiphysiodesis 
of the femoral physis distally. 


2.5 cm). In nine patients, the epiphysiodesis was combined 
with a femoral lengthening or femoral shortening. 
=" The Moseley straight-line method accurately and effica- 
ciously predicted the timing for percutaneous epiphysiodesis 
in all but one patient, who had unpredictable growth from 
hemihypertrophy secondary to a hemangiomatosis. 
" Horton and Olney”* reported the results of 42 percutaneous 
epiphysiodeses in 26 patients. Physeal arrest developed in all 
cases and no angular deformities occurred. They considered 
the percutaneous epiphysiodesis to be reliable and safe. Stated 
advantages include a cosmetic scar, short hospital stay, low in- 
cidence of complications, and reliability. 
=" Canale and coworkers® reported on 13 children treated by a 
percutaneous epiphysiodesis; growth plate fusion occurred in 
all cases. They used a pneumatic burr under image intensifica- 
tion to perform the procedure. 
= Brax and Gille? performed a percutaneous epiphysiodesis 
using a drill and radiographic control in 10 children. They had 
good results in all but one case and considered the procedure 
to be minimally traumatic, cosmetically preferable, and safe. 
" Craviari and colleagues’ reported the results of 60 cases fol- 
lowed to skeletal maturity who were treated by a percutaneous 
epiphysiodesis. They concluded that the procedure was satisfac- 
tory and complications were rare. Complications comprised 
hematoma in 2 cases, need for surgical revision in 10 cases, limb 
deviation in 4 cases, and inverted discrepancy in 2 cases. 
= Gabriel and associates” reported the results of 29 patients 
who underwent 56 physeal procedures with a percutaneous 
epiphysiodesis. The procedure lasted a mean of 36 minutes, 
and in all patients a physeal closure developed. No unplanned 
angular growth, no deep infections, and no cases of joint stiff- 
ness were reported. 
= Kemnitz and coworkers’’ performed a retrospective review 
of 57 patients who underwent percutaneous epiphysiodesis. 
They reported no significant operative problems. A final limb- 
length discrepancy greater than 2 cm was seen in 17.5% of the 
cases, and they concluded the timing of the procedure remains 
the main problem. 
=" Macnicol and Gupta‘* reported 35 cases of epiphysiodesis 
in which a cannulated tube saw was used to ablate the physis. 
The mean anticipated discrepancy was 3.3 cm, and at maturity 
the discrepancy averaged 0.7 cm. One patient had slight 
overgrowth of the fibula and another had an unsightly scar; 
otherwise the results were favorable. 
= Ogilvie and King’’ used a low-speed, high-torque drill to cre- 
ate an epiphysiodesis in seven children. This technique required 
a 1-cm incision. There were no cases of failure of physeal 
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fusion, no infections, no angular deformity, and no restriction 
of joint motion. 
= Porat and coworkers”! performed epiphysiodesis in 20 chil- 
dren, with good results in 90% of the patients. They recom- 
mended the Moseley straight-line graph and percutaneous 
epiphysiodesis. 


COMPLICATIONS 


= Errors in predicting growth 

= Infection 

= Angulation 

=" Lack of physeal closure 

= Temporary exostosis formation (believed to develop as bone 
forms in the elevated periosteum) 

=" Hematoma 

=" Neurovascular injury 
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DEFINITION 


= A physeal bar, or partial premature physeal arrest, is an os- 
seous connection that forms across a physis and has the poten- 
tial to affect physeal growth.* 
= Partial physeal arrest may result in three clinically signifi- 
cant consequences: 

= Angular deformity 

" Limb-length discrepancy 

= Bone-length discrepancy in a two-bone limb segment such 

as the forearm or leg 
=" When evaluating a patient with a physeal bar, one must crit- 
ically consider whether there is sufficient growth remaining to 
cause a Clinically significant length discrepancy or angular 
deformity. 
=" One should consider the linear magnitude of anticipated 
growth remaining, as well as the years of remaining growth. 


ANATOMY 


=" The normal physis acts as a physical cartilage barrier sepa- 
rating the trabecular bone of the epiphysis from the metaph- 
ysis (FIG 1). 

=" Blood vessels typically do not traverse the physis, necessitating 
an independent blood supply for the epiphysis and metaphysis.’ 
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FIG 1 © The physis acts as a physical barrier separating the tra- 
becular bone of the epiphysis from the trabecular bone of the 
metaphysis. The physis also acts as a barrier to blood flow, sepa- 
rating the epiphyseal blood supply (a) from the metaphyseal 
blood supply (6). Magnification of the physis illustrates the four 
physeal cell layers: the resting cell zone (c), the proliferating cell 
zone (d), the hypertrophying cell zone (e), and the endochon- 
dral ossification zone (f). Insults that breach the physical sepa- 
ration between metaphyseal and epiphyseal trabecular bone, 
that significantly compromise epiphyseal blood flow, or that 
critically injure the resting or proliferating cell layers may result 
in physeal bar formation. 








= The physis consists of four cell layers: resting zone, prolifer- 
ative zone, hypertrophic zone, and enchondral ossification 
zone. 


PATHOGENESIS 


= Physeal bars form when the cartilage barrier is breached as 
the result of trauma, infection, or cell death and trabecular 
bone heals in continuity between the epiphysis and the meta- 
physis across the physis.° 

=" Variation in physeal anatomy may predispose certain physes 
to physeal bar formation. For example, the distal radius physis 
is relatively two-dimensional and uniplanar, while the distal 
femoral physis has a more complex three dimensional bicon- 
cave configuration. 

= Distal radius physeal fractures are quite common, yet subse- 
quent premature physeal bar formation is relatively rare. In 
contrast, distal femoral physeal fractures are uncommon but 
distal femoral physeal bar formation is much more prone to 
occur after injury. 

= The three-dimensional configuration of the distal femoral 
physis contributes to the considerable energy required to frac- 
ture through the distal femoral physis, and the complex geom- 
etry increases the likelihood for violation of the physeal carti- 
lage barrier between epiphyseal and metaphyseal bone, 
thereby increasing the risk of partial physeal bar formation 
after injury. 

=" Breach of the physeal cartilage barrier is most frequently 
caused by fracture, followed by infection. 

= Less common pathogenesis for partial physeal bar forma- 
tion may occur when the germinal or proliferating cells on the 
epiphyseal side of the physeal plate are injured by ischemia, in- 
fection, heat, laser, electricity, or other insult. As the germinal 
cells die and cell division in this region of the physis stops, par- 
tial physeal bar formation may occur.” 


NATURAL HISTORY 


= In almost all situations, once a physeal bar has formed, length 
discrepancy, angular deformity, or both will continue to increase 
so long as the patient is skeletally immature and the affected 
physis (or its contralateral counterpart) continues to grow. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Questioning the patient quickly reveals the cause for physeal 
bar formation in most cases. [he most common causes of phy- 
seal bar formation, fracture and infection, are typically mem- 
orable events that the patient can quickly recall. 

= ‘The examiner should ask the patient and family if they have 
noticed a progressive limb-length discrepancy, limp, angular 
deformity, or bony prominence; this may confirm the presence 
of a physeal bar. 

= Ideally the orthopaedist is aware of the physeal injury, is an- 
ticipating possible physeal bar formation after injury, and is 
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monitoring the patient at 6-month intervals with clinical ex- 
amination and radiographs. 

= The patient is examined for lower extremity limb-length dis- 
crepancy using blocks of known height under the shorter limb 
until the pelvis is level. 

= The patient is also examined for lower extremity angular de- 
formity. The alignment at knee and ankle is assessed and com- 
pared to the contralateral limb. 

=" The patient is also examined for upper extremity limb- 
length deformity. Length of the affected limb is compared to 
that of the contralateral limb. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Appropriate imaging is critical for the evaluation of a poten- 
tial physeal bar. Initial imaging is performed to determine 
whether the patient has sustained a clinically significant phy- 
seal injury and therefore should demonstrate limb-length dis- 
crepancy and angular deformity. 
= True scanograms use a slit beam that is perpendicular to the 
patient that scans the length of the limb and therefore has no 
magnification. The scanogram provides limb length and angu- 
lar information with a single image (FIG 2A). 
= A teleoroentgenogram, or full-length, standing, hip-to-ankle 
radiograph taken at a distance, does result in some magnifica- 
tion of the limb. 
" By placing blocks of known height beneath the shorter 
limb, a teleoroentgenogram can also provide information 
about length and angular deformity with a single radiograph. 
= A ruler or magnification markers can also be placed next 
to the limb to allow more accurate measurement of limb 
length. 
=" Orthoroentgenograms (separate exposures of the hip, knee, 
and ankle ona single film with a ruler) or CT scout images can 
be used to determine limb length. 
" These must be supplemented by a full-length image of the 
limb to assess angular deformity. 


= =—Roentgen ray tube 


Direction of motion -———— 


> Slit diaphragm 


Slit-like roentgen 
ray beam 










Cross sectional area 
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= If the distal tibial physis is the injured physis in question, 
standing anteroposterior (AP) and lateral ankle radiographs 
are indicated to assess angular deformity. 
= If limb-length discrepancy or angular deformity is con- 
firmed, additional imaging is indicated to determine the size 
and location of the physeal bar. 
= Either fine-cut CT or MRI may be used, and axial, coronal, 
and sagittal plane images are obtained. 
" The CT or MRI images are used to create a map that il- 
lustrates the location and approximate cross-sectional area 
of the physeal bar (FIG 2B,C). 
= The relative cross-sectional area of the bar is important 
because physeal bars occupying greater than 50% of the 
cross-sectional area of the physis have a less favorable result 
after resection. Excision of bars greater than 50% of the 
physeal cross-sectional area may still be indicated in young 
patients, such as a 5-year-old patient with a 65% bar of the 
distal femoral physis. 
=" A skeletal age radiograph of the hand and wrist may be 
helpful in older patients if one is trying to determine if there is 
sufficient growth remaining for physeal bar resection to be 
indicated. 


DIFFERENTIAL DIAGNOSIS 


= Physeal injury without growth abnormality 

=" Idiopathic limb-length discrepancy 

=" Developmental cause for limb-length discrepancy or angular 
deformity 

= Blount disease 

=" Madelung deformity of the distal radius 


NONOPERATIVE MANAGEMENT 


= Anticipated lower extremity limb-length discrepancy of less 
than 1 cm requires no treatment. 

= The simplest means of correcting a lower extremity limb- 
length discrepancy is to place a lift either inside or on the bot- 
tom of the shoe on the shorter limb. 





FIG 2° A. A true scanogram uses a slit beam of radiation that moves 
or “scans” down the length of the extremity. Because the radiation 
beam always remains perpendicular to the film, there is no magnifica- 
tion of the radiographic image, and distances can accurately be mea- 
sured directly on the radiograph. The entire limb is included on the 
image so angular deformity can be measured as well as length. Using 
multiple CT or MRI images (B), a map of the physeal bar is created 

(C) and the relative cross-sectional area of the bar is estimated. 


= Anticipated lower extremity discrepancy of 1 or 2 cm is 
most easily treated with a shoe lift inside the shoe. 

= Discrepancy greater than 2 cm treated nonoperatively is typ- 
ically managed by a lift placed on the shoe sole. 

= There is no effective nonoperative treatment to correct clin- 
ically significant angular deformity caused by a physeal bar. 


SURGICAL MANAGEMENT 


= Lower extremity physeal arrest resection should be consid- 
ered in patients with an anticipated growth remaining from 
the affected physis of about 2 years or 2 cm. 
= Pure length discrepancy in the upper extremity caused by a 
physeal bar in the proximal humerus causes little functional 
problem, and anticipated discrepancy of up to 5 cm may be 
observed. 
=" Bone-length discrepancy in a two-bone limb segment such as 
the forearm or leg is less well tolerated. Anticipated bone- 
length discrepancy of greater than 1 cm at the wrist may war- 
rant surgical treatment either by physeal bar resection or com- 
plete epiphysiodesis of both bones to prevent bone-length 
discrepancy. 
= Surgical treatment for a physeal bar may consist of physeal 
bar resection, complete epiphysiodesis of the involved physis, 
epiphysiodesis of the adjacent bone in leg or forearm, epiphys- 
iodesis of the contralateral physis, or an approach combining 
more than one of these. The surgical technique for physeal 
bar resection alone will be discussed below. 
= If the decision has been made to perform physeal bar exci- 
sion and an angular deformity is present, one is faced with 
the question as to whether an osteotomy should be per- 
formed at the time of physeal arrest resection to correct an- 
gular deformity. 
" Our philosophy is to first perform physeal bar resection 
alone. 
= Physeal bar resection is a relatively minor procedure with 
rapid recovery and the potential to correct (at least partially) 
the angular deformity. Accurate prediction of angular cor- 
rection after physeal bar resection is not possible, making it 
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very difficult to know with certainty the degree of os- 
teotomy angular correction to perform. 

" We would prefer to perform physeal bar resection alone 
first, then correct any residual angular deformity when phy- 
seal growth is complete. 

= At skeletal maturity, the target is no longer moving and 
any additional adjustment in limb length can be addressed 
as well. 


Preoperative Planning 


= Imaging studies are reviewed and a map of the size and lo- 
cation of the physeal bar is created. 

= A strategy is determined to provide the safest and most di- 
rect surgical approach to the physeal bar. 

Positioning 

= The patient is positioned to facilitate a direct approach to 
the physeal bar. For example, if a lateral approach is deter- 
mined to be the most direct and safe route to a distal femoral 
bar, the patient is positioned with a generous bump elevating 
the hemipelvis and affected limb, with a tourniquet placed on 
the proximal thigh. 

= Fluoroscopy is used to guide physeal bar resection, so the 
patient must be placed on a radiolucent table in a position to 
facilitate AP and lateral fluoroscopic images. 


Approach 


=" The particular approach for each patient is determined by 
the location of the physis affected by the physeal bar and the 
location of the bar within the physis. 

=" A direct approach to the bone surface at the level of the 
physis is used for peripheral bars. 

=" Central physeal bar resection is typically performed by ap- 
proaching the physis through the metaphysis adjacent to the 
physeal bar. 

= The general strategy for central physeal bar excision in a 
long bone is to access the bar through a metaphyseal bone tun- 
nel, resect the bar, and place an interposition material that will 
prevent recurrent bar formation (FIG 3). 





FIG 3 © The general strategy for central physeal bar resection (A) is to create a cortical window (B) through which the surgeon can 
excise the bar (C) and then place interposition material (D) to prevent bar recurrence. (Adapted from Peterson HA. Partial growth 
plate arrest and its treatment. J Pediatr Orthop 1984;4:246-258.) 
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PHYSEAL BAR LOCALIZATION 


With the patient prepared and draped, fluoroscopy is 
brought into the field and the location of the physis is 
marked on the skin surface. 
Next, using a blunt pin or straight instrument, mark on the 
skin the desired approach trajectory to the physeal bar. 
Draw the skin incision line on the approach trajectory 
(TECH FIG 1A). 
Exsanguinate the limb and incise the skin longitudinally 
where an internervous plane can be used. 
With metaphyseal bone exposed, using AP and lateral 
fluoroscopic imaging, consider advancing a Kirschner 
wire or Steinmann pin along the approach trajectory 
from the metaphysis into the center of the physeal bar. 
= This Kirschner wire will act as a guide to the location 
and depth of the physeal bar (TECH FIG 1B). 


— Fluoroscope 






Physeal bar location 
(marked on skin) | 


Skin incision 
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Using multiple drill holes and an osteotome, create an 
oval cortical window in metaphyseal bone (TECH FIG 1C). 
Remove and save the cortical window and superficial 
metaphyseal bone to be used for later closure. 

As the tip of the reference Kirschner wire is approached, 
use a motorized burr to carefully remove bone until the 
center of the physeal bar is reached, as confirmed fluoro- 
scopically. 

Within the center of the physeal bar, no physis will be 
seen. Under fluoroscopic guidance, use the motorized 
burr to carefully expand the area of resection until nor- 
mal physis is encountered (TECH FIG 1D). 





Multiple cortical 
drill holes 





TECH FIG 1 © A. Before making a skin incision, fluoroscopy is brought into the surgical field and the sur- 
geon draws on the skin the physis location, the physeal bar location, the surgical approach trajectory, 
and the skin incision location that will permit the desired approach. B. Under fluoroscopic guidance a 
Kirschner wire is advanced to the level of the physeal bar along the desired surgical approach trajectory. 
Multiple drill holes are then made that incorporate the Kirschner wire into the periphery of an elliptical 
cortical window. The Kirschner wire will act as a guide to the location and depth of the physeal bar. C. 
Multiple drill holes are connected with a narrow osteotome to create a cortical window. The window Is 
saved and replaced during closure. (Kirschner wire guide is not shown in this photograph.) D. After re- 
moving metaphyseal bone with a curette, a burr is guided by fluoroscopy to expand the bar resection 
cavity until normal physis is visualized within the cavity. (C,D: From Peterson HA. Epiphyseal Growth Plate 
Fractures. Heidelberg: Springer, 2007. With kind permission of Spring Science and Business Media.) 


BAR RESECTION 





Once the physis is identified within the resection cavity, 

the motorized burr is used to remove bone along the 

leading edge of the exposed physis until normal-appear- 

ing physis is exposed throughout the entire circumfer- 

ence of the resection cavity. 

=" The exposed normal physis should appear flat and 
smooth (TECH FIG 2A). 

A surgical headlight is helpful to visualize the physis 

within the resection cavity. 





Chapter 32 EXCISION OF PHYSEAL BAR 


= If aregion of the resection area cannot be seen by direct 
vision, use a dental mirror or small joint arthroscope to 
visualize the physis and confirm complete physeal bar ex- 
cision (TECH FIG 2B). 

= ~~ Topical liquid thrombin may be applied to the resection 
cavity bone surface to reduce hematoma formation, 
which in theory might promote recurrent bar 
formation. 





TECH FIG 2 « A. Within the resection cavity the physis should appear smooth, flat, and healthy after 
bar resection. B. A dental mirror is used to look back at the physis in regions within the cavity where 
the physis cannot be directly visualized. At the conclusion of bar resection, normal physis should be 
visualized as a continuous cartilage line around the full circumference of the resection cavity. 


MARKER PLACEMENT 


Place titanium markers in the epiphysis and metaphysis 
to facilitate later measurement of physeal growth (TECH 
FIG 3A). 

=" Marker position in the center of the bone prevents 
the metaphyseal marker from becoming extraosseous 
with future remodeling. 

" Our preference is a titanium 0.062 Kirschner wire 
notched 10 mm from the tip, which can be broken off 
within bone (TECH FIG 3B). 

=" Titanium markers avoid artifact on subsequent MRI or 
CT scans. 





TECH FIG 3 « A. The first titanium marker has been placed 
centrally within the metaphysis proximal to the physis. A sec- 
ond marker is going to be placed within the epiphysis distal to 
the physis. B. A 0.062 titanium Kirschner wire notched 10 mm 
from the end makes an ideal radiographic marker that will not 
interfere with future MRI imaging. (From Peterson HA. 
Epiphyseal Growth Plate Fractures. Heidelberg: Springer, 2007. 
With kind permission of Spring Science and Business Media.) 
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CRANIOPLAST INTERPOSITION 


= An interposition material is then placed in the physeal = Cranioplast stays securely within the resection bed 
bar defect. Some authors have recommended fat as an and cannot “float” out of the resection bed on 
interposition material, but we prefer cranioplast poly- hematoma. 
methylmethacrylate for several reasons: =" An additional incision to harvest fat interposition ma- 
= Cranioplast has a slow polymerization rate and does not terial is avoided. 
generate heat, which might be harmful to the physis. = Cranioplast can be injected into the resection defect in 
= Cranioplast confers immediate structural strength to its liquid state, or it can be allowed to polymerize to the 
the resection area, allowing full weight-bearing after consistency of putty, then gently digitally pressurized 
surgery. into the cancellous bone of the resection bed, prevent- 
= No loosening has ever been reported after physeal ing displacement. 


bar resection. 





FAT INTERPOSITION 


m If fat is chosen as the interposition material, a donor site ™ Our current indications for fat interposition material 


must be chosen. include: 

= Rarely, in a patient with a small physeal bar, local fat =  Physeal bars caused by infection, where this is a con- 
may be harvested. cern for recurrent infection 

" Most patients require harvesting fat from a distant = Peripheral physeal bar resection, where cranioplast 
site, and the gluteal region is typically used. may become prominent during future growth and re- 


modeling (TECH FIG 4) 


TECH FIG 4 e Peripheral physeal bar resection 
(A) is performed by approaching the bar di- 
rectly (no bone tunnel) and excising the bar 
with a burr (B). Fat works well as an interposi- 
tion material for peripheral bars (C) because 
bone remodeling and growth may result in 
cranioplast becoming prominent with time. 
(Adapted from Peterson HA. Partial growth 
plate arrest and its treatment. J Pediatr 
Orthop 1984;4:246-258.) 








CLOSURE 


= After placement of the interposition material, cancellous ™ The cortical window of bone is replaced and may be su- 
bone saved during exposure is gently packed into the re- tured in place if desired. 
maining bone cavity. =  Periosteum is closed over the cortical bone window. 





PEARLS AND PITFALLS 





Detection = Absence or angulation of a Harris growth “resumption” line at the injured physis, especially when 
present at the contralateral physis, may be an early sign of physeal bar formation (FIG 4). 
Indications = For older patients with limited growth remaining, the surgeon should consider epiphysiodesis to pre- 


vent angular deformity or limb- or bone-length discrepancy from occurring. 





Technique 


Chapter 32 EXCISION OF PHYSEAL BAR 


FIG 4 e A 7-year-old girl was referred 
for evaluation of limb-length discrep- 
ancy 9 months after sustaining a 
Salter-Harris type IV fracture of the 
distal left femur. A. Scanogram 
demonstrates the presence of a Harris 
growth “resumption” line on the 
right but absent on the left and a 9- 
mm limb-length discrepancy. B. MRI 
confirms the presence of an eccentric 
physeal bar. 


= Placement of a reference Kirschner wire along the line of resection into the center of the physeal arrest 


is very helpful in providing guidance while the surgeon is working “blind” until normal physis is exposed. 
= Removing initial bone with a curette and saving it to fill the resection cavity after interposition mater- 
ial has been placed facilitates rapid healing and return to full strength. 


Inadequate resection 


® Insufficient physeal bar resection may lead to recurrent bar formation. The physis should appear rela- 


tively normal around the entire circumference of the resection cavity, not narrowed and irregular. 


Inadequate follow-up 


= On average, each patient is likely to benefit from at least one additional procedure as a consequence 


of their physeal bar. Follow-up until skeletal maturity is essential. 


POSTOPERATIVE CARE 


= At the conclusion of the operation, local anesthetic is in- 
jected into the incision site, ketorolac (Toradol) is adminis- 
tered unless there is a medical contraindication, and the pa- 
tient is placed in a gentle compressive dressing, which is re- 
moved on the first postoperative day. 

=" Patients are allowed to bear weight as tolerated with 
crutches as needed for comfort, and early active joint range of 
motion is encouraged. 

=" Noncontact sports are typically permitted 3 months after 
surgery and full-contact sports are allowed 6 months postop- 
eratively in most patients. 


OUTCOMES 


=" One hundred patients treated at the Mayo Clinic with phy- 
seal bar resection in the femur or tibia were followed to skele- 
tal maturity.’ 
" 13% of the patients required no additional treatment; the 
physeal bar was definitively treated by a single physeal bar 
resection procedure. 
" 94% of the patients did experience some growth after 
physeal arrest resection. 
" Restored physeal growth was, on average, 86% of the 
contralateral physeal growth rate. 
= 118 additional procedures were performed, for an aver- 
age of 1.2 additional procedures per patient. 
"In all patients (except the six in whom there was no 
growth), any subsequent surgery was of lesser magnitude 


than would have been necessary had physeal bar resection 
not been performed. 


COMPLICATIONS 


= In 100 patients treated at the Mayo Clinic with physeal bar 
resection and cranioplast interposition followed to skeletal 
maturity, 2 patients had a surgical wound infection and 2 pa- 
tients had a late fracture at the cranioplast site, for a total com- 
plication rate of 4%.’ 

= Fracture through the resection cavity after using fat as an in- 
terposition material has also been reported.” 
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Repair of Congenital 


Chapter 33 


Pseudarthrosis of the Tibia 


With the Williams Rod 


Perry L. Schoenecker and Margaret M. Rich 


DEFINITION 


=" Congenital pseudarthrosis of the tibia follows pathologic 
fracture of a tibia.*** 

= In most cases, the pseudarthrosis is preceded by increasing 
anterolateral bowing of the tibia.* 

=" Spontaneous healing does not occur; shortening and angula- 
tion with instability are progressive and impair ambulation. 

= Surgical treatment with a solid intramedullary rod and bone 
graft and long-term protection with a total-contact orthosis 
can provide lasting consolidation and minimize secondary de- 
formity.177?7*” 

=" Inability to achieve stable union may necessitate amputa- 
tion.>*” 


ANATOMY 


=" The tibia is abnormal from birth; however, this may not be- 
come apparent until weight bearing begins. The remainder of 
the extremity is normal. 

=" Most patients will have anterolateral bowing that increases 
to the point of pathologic fracture. 

= Shortening is common and tends to increase after fracture. 
=" As the anterior bowing increases, the foot may assume a 
dorsiflexed position to maintain contact with the floor. 

=" Involvement of the fibula is variable and may worsen as the 
tibial pseudarthrosis progresses. 

=" Nearly all cases are unilateral. 


PATHOGENESIS 


=" Anterolateral bowing, when present, increases with weight 
bearing as the mechanical axis falls farther behind the axis 
of the tibia. Additionally, the calf musculature acts like a 
bowstring and increases tension within the tibia, leading to 
failure. 

=" Most pseudarthroses occur in the middle to distal third of 
the tibia. 

=" The pseudarthrosis comprises hamartomatous fibrous tis- 
sue, not neurofibroma. 

" Fibular bowing or pseudarthrosis compounds the deformity 
and further compromises stability.”* 


NATURAL HISTORY 


=" Rarely, bowing or sclerosis is present and does not progress 
to fracture and pseudarthrosis. 

=" Once established, the pseudarthrosis remains and does not 
resolve spontaneously. The resultant instability and shortening 
interferes with normal ambulation. 

=" Use of a total-contact orthosis may slow the progression and 
postpone but not eliminate the need for surgical intervention. 
=" More severe deformities become symptomatic at an earlier 
age, occasionally presenting in infancy. 
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PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" The most common presenting complaint is anterolateral 
bowing of the tibia (FIG 1).*°* Shortening of the involved ex- 
tremity may not be apparent at presentation. 

= Pain is absent unless the tibia has fractured acutely. 

= Limp or dull aching may precede pathologic fracture. 

=" Over half of these patients have neurofibromatosis (NF) 
type I.** 

= The skin should be closely inspected for café-au-lait spots, 
axillary or inguinal freckles, or neurofibromas as signs of un- 
derlying NF. 

= A family history of NF may be present. 

=" Referral to a geneticist is recommended for confirmation of 
the diagnosis and genetic counseling. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Anteroposterior (AP) and lateral plane radiographs of the 
affected tibia are sufficient for diagnosis (FIG 2). 

=" The radiographic appearance of the tibia is variable: it may 
be cystic, sclerotic, or atrophic. There may be involvement 
throughout the tibia.2~* 





FIG 1 © Standing AP photo of lower extremities. Anterior and 
lateral bowing is present in the left tibia of this 4-year-old girl. 
Shortening is minimal. The foot, knee, and thigh appear normal. 
Note multiple café-au-lait spots on the thighs and lateral side of 
the right leg, one of the major criteria of type | neurofibromatosis. 
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A B 


FIG 2 e A. AP radiograph of the tibia at age 13 months demon- 
strates lateral bowing of the tibia and fibula. The medullary 
canal of the tibia is widened and has a cystic appearance. B. 
The accompanying lateral view shows the anterior bow with a 
mixed cystic and sclerotic medullary canal of the tibia. Note the 
relative dorsiflexed position of the foot as compensation for 
the anterior angulation of the distal tibia. A total-contact or- 
thosis is used to support the extremity and slow progression of 
the deformity. 


=" Mild deformities present with bowing and mild sclerosis at 
the apex. The medullary canal can be narrow or expanded, 
with a cystic appearance. 

= After fracture, little callus forms and the bone tends to be- 
come more atrophic in appearance. 

=" Severe deformities show resorption of bone at the 
pseudarthrosis, increasing fibular deformity, and tapering of 
the bone ends (the “pulled taffy” appearance). 


DIFFERENTIAL DIAGNOSIS 


Ring constriction or amniotic band syndrome 
Fibrous dysplasia 

Osteofibrous dysplasia 

Osteomyelitis 

Fibrosarcoma of infancy 

Fibular hemimelia (total absence of the fibula) 


NONOPERATIVE MANAGEMENT 


=" Use of a total-contact ankle-foot orthosis (AFO) or knee- 
ankle-foot orthosis (KAFO) provides mechanical support for 
the tibia, particularly in toddlers and young children.* 

= Pathologic fracture in a very young child can be treated with 
cast immobilization if the bowing deformity is mild. 

= Nonoperative measures are useful to postpone the age for 
surgical treatment, allowing the use of a larger intramedullary 
rod and greater volume of available autologous bone graft. 


SURGICAL MANAGEMENT 


= The presence of a pseudarthrosis warrants operative treat- 
ment to stabilize the tibia and provide a sufficient biologic 
framework for healing.” 


= The intramedullary rod is designed to provide long-term sta- 
bilization of the tibial pseudarthrosis as the child grows. The 
rod remains in place, anchored by press fit in the medullary 
canal. The proximal tibia and the distal tibia grow away from 
the ends of the rod.!° 

=" Younger children may require exchange with a longer rod if 
needed to maintain support of the tibia and stabilization of the 
pseudarthrosis. 


Preoperative Planning 


=" The dimensions of an appropriate-size rod can be deter- 
mined from the plain films. The width of the medullary canal 
adjacent to the pseudarthrosis dictates the diameter of rod to 
be used. The length of the rod is determined from the lateral 
film.° 

= The anticipated length of tibia to be resected to healthy bone 
is also measured; it is usually 1 to 2 cm. 

= In young children (less than 8 years) and in those with a very 
distal pseudarthrosis, the intramedullary rod should cross the 
ankle and subtalar joints to provide maximum stabilization 
because of the short distal tibial segment. The distance from 
the proximal tibial physis to the bottom of the calcaneus is 
measured. That length minus the amount to be resected is the 
length of intramedullary rod to be used. 

=" In older children (more than 8 years), the rod can be placed 
within the tibia and does not need to remain across the ankle 
or subtalar joints. The distance from the proximal tibial physis 
to the distal tibial physis minus the amount of tibia to be re- 
sected is the length of rod that will be needed. 

=" The Williams rod is made up of two sections: the section 
with the female coupling remains within the tibia and the piece 
with the male coupling is used as an introducer or pusher rod 
and is not considered in the selection of rod length (FIG 3). 
The rod can be cut or trimmed intraoperatively if needed to 
adjust the length.® 

= If additional angular deformity is present in the tibia, an os- 
teotomy may be needed to allow passage of the straight rod 
within the medullary canal. 

= If a fibular pseudarthrosis is also present, it should also be 
stabilized using an intramedullary Kirschner wire. If the fibula 
is intact, osteotomy may be needed to facilitate preparation of 
the tibia and introduction of the intramedullary rod.”** 


Positioning 

= The patient is supine for preparation and rodding of the 

tibia. Before this, an iliac bone graft is obtained. 
" For small children, the graft should be obtained from the 
posterior iliac crest. In those cases, the child is positioned in 
the lateral decubitus position and is prepared from the waist 
to the toes. 
" For larger children, a bump can be placed under the but- 
tock to facilitate positioning for an anterior iliac crest graft. 
It is removed before proceeding with the tibial exposure. 


Approach 


= The tibia is approached directly along the anterior subcuta- 
neous border. The incision is centered over the pseudarthrosis 
and extends 3 to 4 cm above and below that level. 

= The fibula is approached through a longitudinal incision, 
centered over the fibular pseudarthrosis, anterior to the per- 
oneal muscles. 
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FIG 3 © A. This assortment of Williams rods includes the female rod, which will remain within the tibia, and the complementary male 
rod used for insertion. Ideally, variable lengths and widths should be available. Selection of the appropriate-sized rod is based on the 
width of the medullary canal on the AP and lateral plane films. The length is estimated using the lateral film, measuring from the 
proximal tibial physis to the distal physis or bottom of the calcaneus, depending on the need to include the ankle and subtalar joints, 
and subtracting the length of the pseudarthrosis to be resected. The rod is to be coaxial with the tibia and of maximum length to 
minimize recurrent bowing above and below the rod as growth continues. B. Close-up view of the ends of the male and female sec- 
tions. The male rod with the knurled end is the distal section and will be removed. The female flat, threaded end will be left in place. 
If the rod chosen is too long, it can be shortened using a bolt cutter and the tip of the rod removed, leaving the threaded end intact. 


Posterior Iliac Graft ‘. 


= A 6-cm incision is made following the contour of the pos- 
terior medial corner of the iliac crest. 

= The incision is carried down through the subcutaneous 
tissue, exposing the fascia overlying the iliac crest and 
abductor musculature. 


is split in half, sharply, along the course of the iliac crest. 
The lateral (superficial) half of the apophyseal cartilage 
and attached periosteum is elevated to expose the outer 
table of the ilium, subperiosteally. 


PREPARATION OF THE TIBIA 


A sterile thigh tourniquet is applied and inflated. 
A 6- to 8-cm longitudinal incision is made over the tibial 
pseudarthrosis, along the subcutaneous border. 7 
= The tibia is exposed subperiosteally and circumferentially 
around the pseudarthrosis. 
= The plane for subperiosteal dissection is more readily 
identified proximal and distal to the pseudarthrosis #® 
rather than directly over it. 
=" The fibrous tissue within the pseudarthrosis is re- & 
moved to expose the bone. A combination of sharp 
dissection, rongeur, and curettage Is used. 
= The pseudarthrosis must be excised in addition to the 
abnormal dense, sclerotic bone adjacent to it. 
=" The medullary canal can be probed and identified #® 
with a small curette. 
= ~§=Adrill bit, smaller in diameter than the intramedullary rod 
to be inserted, is used to open and enlarge the medullary 
canal above and below the pseudarthrosis (TECH FIG 1A). 





OBTAINING THE ILIAC CREST BONE GRAFT 


An osteotome is used to cut the outer table. Cortical and 
cancellous strips are obtained. 

The apophysis is reapproximated with interrupted su- 
tures. A drain is used at the surgeon’s discretion. The sub- 
cutaneous layer and skin are closed, and the patient is 
then rolled to the supine position. 


a The apophyseal cartilage is exposed along the ilium and Anterior Iliac Crest Graft 


In larger children, the anterior iliac crest can be used. 
The approach is similar except the incision is centered 
over the anterolateral ilium. 


= The C-arm image is used to ensure that the canal 
preparation is not eccentric. 

If secondary bowing is present, it may not be possible to 

remain within the central medullary canal. Osteotomy of 

the tibia at that level should allow passage of the drill 

bit, remaining central in the medullary canal. 

Distally, the drill bit is passed through the tibia, stopping 

at the physis. 

If the rod will be left across the ankle and subtalar 

joints, a similar-sized smooth Kirschner wire is used to 

perforate the talus and calcaneus. Care must be taken to 

hold the foot and ankle in a neutral position during this 

process. 

Preparation of the tibia is complete when the drill bit can 

be passed through the proximal fragment up to the phy- 

sis and distally to the physis. 

= The drill bit should be centered within the tibia in 
both the AP and lateral images (TECH FIG 1B). 
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PREPARATION OF THE FIBULA 


A fibular pseudarthrosis is approached through a lateral 

incision, anterior to the peroneals. The fibula is exposed 

subperiosteally and the fibrous tissue and adjacent 

pathologic bone are removed, as in the tibia. 

= Care must be taken to avoid injury to the deep motor 
branches of the peroneal nerve, just medial to the 
fibula. 

Ideally, the fibula is stabilized with an intramedullary 

Kirschner wire. This is inserted through the distal frag- 

ment, exiting the skin at the tip of the fibula. After 


TECH FIG 1 e Preparation of the tibia. A. A drill bit is used to open 
the medullary canal proximal and distal to the pseudarthrosis. C-arm 
image intensification is used to maintain central positioning within 
the medullary canal on the AP and lateral views. If there is severe 
bowing of the tibia, an osteotomy may be needed to prevent eccen- 
tric reaming, as in this patient. B. Lateral C-arm image of the distal 
tibia showing central position of the drill bit, stopping just above the 
distal physis. A similar-size Kirschner wire can be used to cross the 
physis, talus, and calcaneus if needed prior to rod insertion. 


insertion of the tibial rod, the wire is then drilled into 
the proximal fibula. In some cases this cannot be accom- 
plished because the fibula is too atrophic. 

An intact fibula may interfere with preparation of the 
tibia as it can limit mobilization of the proximal and dis- 
tal fragments. It can also prevent contact of the tibial 
fragments. Osteotomy of the fibula will resolve the issue. 
It may be necessary to resect a portion to allow compres- 
sion across the tibia. 


STABILIZATION WITH THE WILLIAMS ROD 


The length of the rod is checked before insertion by re- 

ducing the tibia, laying the rod next to the leg, and not- 

ing the position of the rod proximally and distally. 

= The proximal point should be just below the proximal 
tibial physis. 

= The flat, distal end (female) should be at the distal 
tibial physis (if the rod is to remain within the tibia) 
or within the calcaneus (if the rod will stabilize the 
ankle and subtalar joints). 

= If the rod is too long, the pointed end can be cut on 
an angle to the appropriate length. 

The rod sections are assembled by twisting the two sec- 

tions together. A power drill is used to insert the pusher 

section into the distal fragment and it is advanced ante- 

grade, across the ankle and subtalar joints, exiting the 

bottom of the foot through the heelpad (TECH FIG 2A). 

=" The foot must be kept in a neutral position both in 
plantarflexion and dorsiflexion as well as varus— 
valgus alignment. 

= A small incision may be needed to relieve the skin 
tension around the rod (TECH FIG 2B). 

The drill is detached from the proximal rod section and 

reattached to the distal rod, exiting the foot. The rod is 

drawn into the distal fragment (TECH FIG 2C). 


The tibia is reduced and the rod advanced retrograde 

across the pseudarthrosis into the proximal tibia, stop- 

ping adjacent to the tibial physis (TECH FIG 2D,E). 

= Carm imaging is used to ensure concentric location 
of the rod within the tibia (TECH FIG 2F,G). 

The rod is grasped through the pseudarthrosis; with the 

drill on reverse, the pusher rod will disengage the female 

section (TECH FIG 2H). Spot C-arm images are used to 

confirm satisfactory position of the rod before the 

pusher is completely removed. 

Contact of the tibial fragments is confirmed visually. If 

the fragments are distracted, the surgeon should 

osteotomize or remove more fibula to ensure contact 

Is made. 

The fibular Kirschner wire is advanced into the proximal 

fibula and cut flush with the tip of the fibula. 

The bone graft is placed circumferentially about the tibia 

(TECH FIG 21). Cortical strips can be secured with loops 

of suture placed around the tibia. Cancellous bone is 

placed within and across the pseudarthrosis. 

The tourniquet is deflated and circulation assessed 

around the repair and in the foot. 

The periosteum usually cannot be closed over the bone 

graft. The wound is closed in layers over a drain. 
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TECH FIG 2 e A. The male section of the Williams rod is inserted antegrade into the distal segment and 
advanced through the talus and calcaneus. The foot must be held in neutral flexion and mediolateral an- 
gulation as the rod is passed. B. The Williams rod is pushed through the heelpad as it exits the foot. A 
small incision may be needed to relieve the skin tension around the rod. C. The Williams rod is assem- 
bled by twisting the male and female sections together. The drill is attached to the exposed tip of the 
male section and the rod is drawn into the distal fragment. Note the neutral position of the foot rela- 
tive to the tibia. D,E. The tibial fragments are approximated and the rod is advanced retrograde into the 
proximal tibia. F. As the rod is advanced, C-arm images are used to confirm satisfactory coaxial position- 
ing of the rod in both planes. This AP view shows satisfactory position. The rod fills the middle of the 
canal. A fibular shortening osteotomy has also been completed to allow contact of the tibial fragments. 
This is usually necessary to avoid distraction by an intact fibula after resection of the pseudarthrosis. 
G. Lateral C-arm image of the advancing rod. The rod is slightly anterior and can be withdrawn and redi- 
rected posteriorly to achieve a satisfactory position. In the presence of more severe bowing, an os- 
teotomy would be needed to achieve satisfactory alignment. H. Once the rod is in satisfactory position 
within the proximal tibia, the male section is partially untwisted from the female section. It may be nec- 
essary to grasp the rod through the pseudarthrosis to disengage the two sections. The lateral C-arm 
image reveals the position of the distal end of the rod before the sections are completely disengaged. 
The separation of the sections is shown at the arrow. The proximal-distal position of the rod can easily 
be adjusted if needed. Once contact of the tibial fragments is also confirmed by direct vision and C-arm, 
the male end is detached and removed. I. The medullary canal is packed with cancellous bone. The cor- 
ticocancellous strips are placed circumferentially about the pseudarthrosis. These can be secured by loops 
of suture passed around the tibia. 
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Patient selection 


= This procedure should be considered only for patients with an established 


pseudarthrosis. Infants and young children with anterolateral bowing 
(prepseudarthrosis) should be observed and treated with a total-contact orthosis. 


Alignment and centering of the rod 


= Residual anterior angulation increases the potential for recurrent bowing and 


refracture. Placement of the rod in a colinear fashion within the tibia—that is, a 


straight rod with 


in a straight tibia—optimizes protection of the tibia from deformity 


and fracture (FIG 4A). As the tibia grows away from the ends of the rod, bowing 
may increase through this unprotected segment. 


Foot position 


= If the ankle and subtalar joints are transfixed by the rod, it is important to maintain 


neutral alignment and a plantigrade foot (FIG 4B). Because of the anterior bow, 
the foot tends to assume a dorsiflexed position; the lateral bow promotes a valgus 


deformity at the 
musculature of t 


ankle. A calcaneus foot position further weakens the posterior 
he leg. Angular deformity may require treatment by hemiepiphys- 


iodesis or guided growth. 


Distraction 


# An intact or overly long fibula may distract the tibia and compromise consolidation. 


Osteotomy with shortening as needed to permit contact of the tibial fragments re- 


solves the issue. 


Rod selection 


® Ideally the rod spans enough of the tibia to provide long-term mechanical support 


and protection of the pseudarthrosis. As growth occurs, more of the tibia is exposed 


to stresses that p 


romote recurrence of bowing. Selection of the longest and greatest- 


diameter rod is best. Preoperative measurements from plain films provide a reliable 


guide for the len 


gth and width needed. An assortment of rod sizes are available 


(Zimmer) and may need to be modified—that is, cut to an appropriate length— 


before surgery. 


Orthotic management ® Use of a total-co 


ntact orthosis is essential throughout growth to reduce stress 


through the pseudarthrosis and maintain consolidation. A solid AFO is used if the 


rod transfixes th 
than 5 years). 





POSTOPERATIVE CARE 


=" Cast immobilization is used postoperatively until consolida- 
tion of the pseudarthrosis occurs, usually at least 12 weeks. A 
one-and-a-half spica cast is used for infants and young chil- 
dren (less than 6 years) to minimize stress across the 
pseudarthrosis. A long-leg, non-weight-bearing cast is used in 


older children. 


e ankle and subtalar joints. A KAFO is used in young children (less 


FIG 4 © A. AP view of tibia after rodding in this 
5.5-year-old girl shows ideal rod placement cen- 
trally within the tibia. The proximal tip of the rod 
is just below the physis, the fragments are in con- 
tact, and the distal rod is central within the tibia 
and also fills the medullary canal. The ankle is in 
neutral varus—valgus alignment. The fibula is very 
atrophic and could not be stabilized even with a 
small-diameter Kirschner wire. B. Lateral view of 
the same patient. The rod crosses the ankle, which 
is held in neutral flexion. The rod controls a maxi- 
mum length of the tibia and centers the proximal 
tibia over the plafond. 


= A total-contact orthosis is used long term to protect the area 
of consolidation and reduce mechanical stresses on the lower 
leg that promote anterior bowing. Initially a nonarticulated 
KAFO is used in young children and in those with the rod 
across the ankle and subtalar joints. This is changed to an ar- 
ticulated AFO when the rod is positioned within the tibia, no 
longer transfixing the ankle. 
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FIG 5 e Follow-up AP (A) and lateral (B) views of another 
child 2 years after Williams rod placement and bone graft. 
The rod now lies within the tibia. The proximal and distal 
tibial physes have grown away from the ends of the rod. 
Bowing has not recurred and the consolidation is stable. An 
articulated total-contact ankle—foot orthosis is used as addi- 
tional support and protection. Refracture is common but 
manageable with cast immobilization if deformity is minimal. 
Supplemental bone graft can be used if healing is delayed. In 
the presence of recurrent deformity, revision surgery using a 
larger-diameter, longer rod, bone graft, and osteotomy, if 
needed, is recommended. 


=" Once the ankle is no longer transfixed, an ankle rehabilita- 
tion program is implemented that includes range of motion 
and calf strengthening. 

=" Periodic follow-up is necessary throughout growth to mon- 
itor the quality of healing and maintenance of good rod posi- 
tion (FIG 5). 

=" Ambulation and activities are unrestricted as long as the or- 
thosis is used. Once skeletal maturity is reached, the orthotic 
use is recommended for sports and high-stress activities. 


OUTCOMES 


= Patients resume independent ambulation with long-term or- 
thotic protection. 
=" Consolidation reliably occurs in 90% of cases with this 
technique.!???”~” 
= Two long-term studies assessed the quality of maintenance 
of healing, with variable results. Both studies emphasized the 
importance of paying attention to details regarding the tech- 
nique of rod insertion, continued orthotic use, and long-term 
follow-up care.” 


= Anterior bowing may recur and lead to refracture. If the rod 
is in good position, healing can be obtained by simple cast im- 
mobilization. If healing is delayed, the addition of bone graft 
will generally lead to union.' 

=" Valgus angulation may also occur and may need to be man- 
aged by guided growth or hemiepiphysiodesis.* 

=" Limb-length inequality is variable. It is more common with 
patients with severe deformity, those requiring greater length 
of pseudarthrosis resection, and those with recurrent fracture. 
=" While most patients realized long-term satisfactory healing 
and function, some patients ultimately chose amputation after 
multiple recurrent fractures resulting in loss of function or 
limb-length inequality. °° 


COMPLICATIONS 


=" Complications include those routinely associated with mus- 
culoskeletal procedures, such as swelling, wound healing, and 
pain, with similar incidence. 

=" The most likely intraoperative complication is neurovascu- 
lar injury, particularly to the deep motor branches of the per- 
oneal nerve. These are at risk during fibular osteotomy. 

=" None of the studies have reported occurrence of a compart- 
ment syndrome, although this could be produced by overzeal- 
ous use of bone graft, which may compress the tibial vessels. 
Fasciotomy is usually incidental with the surgical approach to 
the tibia. 

=" Refracture with progressive shortening and loss of stability 
may compromise function sufficiently to warrant amputation. 
= Satisfying the primary goal of a healed pseudarthrosis is eas- 
ier to accomplish than maintaining union, which serves to em- 
phasize the recalcitrant nature of this pathologic process. 
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Limb Lengthening Using the 
llizarov Method or a 


Monoplanar Fixator 


Roger F. Widmann, Purushottam A. Gholve, and Arkady Blyakher 


DEFINITION 


=" Limb lengthening is a surgical procedure performed to 
lengthen a bone. 

= In the Ilizarov method, lengthening is accomplished by grad- 
ual bone distraction through a low-energy, atraumatic corticot- 
omy site. The bone fragments are controlled via stable bone 
fixation using half-pins and tensioned wires through bone that 
are rigidly fixed to an external ring fixator or arch.*? 

=" When a monoplanar fixator is used, lengthening is accom- 


plished by distraction of the atraumatic corticotomy of the 
bone.”!® 


ANATOMY 


= Using the Ilizarov method, one can lengthen bones of both 
the upper and lower extremities, including bones of the hand 
and foot and the surrounding soft tissue. 
= The most commonly lengthened bones in the lower extrem- 
ity include the tibia and fibula, the femur, and the metatarsal. 
In the upper extremity, the most commonly lengthened bones 
are the humerus, the radius and ulna, and the metacarpal 
bones. 
=" Consideration is given to lengthening of the surrounding 
soft tissues, which include the muscle tendon unit, neurovascu- 
lar bundle, and skin." 
=" During bone lengthening, the tension in the surrounding soft 
tissue may predispose the lengthened segment to deformity'*"'”: 

" Femur: varus and procurvatum 

« Tibia: valgus and procurvatum 

" Humerus: varus and procurvatum 

" Radius and ulna: has a tendency to collapse in the in- 

terosseous space, which may cause synostosis 

" Metatarsal and metacarpal: apex dorsal angulation 
=" During large lengthening, care is necessary to prevent sub- 
luxation or dislocation of the adjacent joint.’” 
=" Femoral lengthening, especially in the setting of congenital 
short femur, may result in hip or knee subluxation or disloca- 
tion secondary to associated deficient acetabular coverage at 
the hip and the high frequency of deficient cruciate ligaments 
at the knee. 
= Tibial lengthening may cause knee or ankle subluxation and 
progressive equinus deformity of the foot. 
=" Metatarsal and metacarpal lengthening can cause metatarso- 
or metacarpophalangeal subluxation. 
= All of these issues are considered during any lengthening 
procedure. 


PATHOGENESIS 


=" The term distraction osteogenesis implies synthesis of new 
bone by slow, gradual (no more than 1 mm per 24 hours) con- 
trolled distraction of the bone fragments under conditions of 
rigid fixation."’ 


=" The new bone is formed mostly by intramembranous 
ossification and, to a lesser extent, through endochondral 
ossification.”*'* 

=" To provide maximum construct stability and to minimize 
soft tissue trauma, it is important to maintain the two frag- 
ments well apposed to each other following the corticotomy. 
= Distraction is a good tool for influencing reparative regener- 
ation of both the bone and the soft tissue (“stretching ten- 
sion,” as described by Ilizarov). However, the new regenerate 
ossifies and remodels slowly. 

=" Gradually removing distraction and applying mild compres- 
sion increases the rate of remodeling. Therefore, the regener- 
ate becomes more rigid against bending loads. 

= To prevent any shortening of the segment from compres- 
sion, preliminary over-distraction of up to 0.5 to 1 cm may be 
performed. 

=" Functional load is a strong stimulus for the improvement of 
blood flow and allows organic remodeling of the regenerated 
osseous part. The extent of load depends on the stability of 
fragments and the amount of regenerate. 


NATURAL HISTORY 


=" The natural history of the limb-length discrepancy (LLD) 
depends on the condition causing the LLD.'%** A partial list 
of causes follows: 
" Congenital shortening: Proximal focal femoral deficiency, 
coxa vara, congenital short femur, fibula and tibia hemimelia, 
hemiatrophy 
" Congenital lengthening: Overgrowth syndromes such as 
hemihypertrophy, Beckwith-Weidemann syndrome, Klippel- 
Trenaunay-Weber syndrome, and Parke-Weber syndrome 
" Skeletal dysplasia or tumor: Multiple hereditary exostoses 
may result in limb shortening on the affected side as growth 
cartilage cells are diverted to the cartilage tumor.'* Radiation 
for malignancies adjacent to the physis may result in growth 
suppression or complete destruction of physeal cartilage cells, 
resulting in limb-length discrepancy or angular deformity. 
" Infection: Physeal destruction may result from physeal in- 
vasion from adjacent metaphyseal or epiphyseal bacterial 
osteomyelitis, or direct physeal involvement in the case of 
intracapsular joint physes such as at the hip and shoulder. 
" Paralysis: Poliomyelitis and cerebral palsy as well as other 
nervous system afflictions in children typically result in short- 
ening on the more affected side. 
" Trauma: Direct injury to growth plate, posttraumatic 
bone loss or shortening, and overgrowth following femoral 
fracture 
" Miscellaneous: Slipped capital femoral epiphysis, Legg- 
Calvé-Perthes disease 
=" Upper extremity discrepancy or shortening usually does not 
cause major functional problems, but may result in significant 
cosmetic deformities. 
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= Predicted lower extremity discrepancy of 3 to 5 cm may be 
dealt with by long-leg epiphysiodesis in children or by leg 
lengthening using the Ilizarov technique. LLD greater than 5 cm 
usually is amenable to leg lengthening.*? 
" In children, the LLD at maturity can be predicted in a variety 
of ways: 

" The arithmetic method’? 

" The growth remaining method’ 

= The Moseley straight line method’ 

" The Paley multiplier technique*® 
=" Untreated LLD of more than 3 cm may result in pelvic 
obliquity, visual gait disturbance, short-legged gait, or struc- 
tural/nonstructural scoliosis.** 

" LLD greater than 5.5% of the long leg has been shown to 

decrease the efficiency of gait, as determined from kinetic 

data.~’ 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" The common symptoms at presentation are limp, compen- 
satory gait mechanics, pelvic obliquity, and nonstructural 
scoliosis. 
= Physical findings depend on the etiologic factors.*? 
= In hemihypertrophy (both syndromic and nonsyndromic), the 
affected extremity may be larger in both length and girth. In 
classic hemihypertrophy, upper extremity hypertrophy as well 
as hemifacial asymmetry may be present. Vascular overgrowth 
syndromes may be associated with cutaneous or deep heman- 
giomas, which may alter surgical approaches to attempted limb 
equalization. 
= Clinically, LLD is best measured by the block test, in which the 
shorter leg is placed on increasingly larger measured blocks until 
the posterior iliac crest is level. Discrepancies as small as 2 cm are 
accurately detected by this method, and detection of discrepan- 
cies is largely unaffected by patient size or body mass. Direct 
measurement of leg length from anterosuperior iliac spine to the 
tip of medial or lateral malleolus is significantly less accurate. 
=" Apparent leg length is measured with the patient supine 
with the legs parallel to each other. The landmarks are the 
umbilicus to the tip of medial malleolus. Pelvic obliquity and 
fixed deformities of the hip and knee affect the reading. 
= True leg length is measured from the anterior superior iliac 
spine to the tip of the medial malleolus. It is important to place 
the legs in identical positions to measure true leg length. 
" If the patient has a 20-degree abduction deformity of 
right hip, the left hip is placed in 20 degrees of abduction to 
measure true length.?? 
=" Range of motion is noted for all joints, primarily the hip, 
knee, ankle, and subtalar joints. The ankle joint range of 
motion is measured with the knee in extension and flexion. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiographs are helpful to document the objective mea- 
surement of LLD (FIG 1). 

= Full-length (hip to ankle) anteroposterior (AP) radiographs 
are obtained in standing position with both patellae facing 
directly anteriorly. The appropriate-sized block is placed be- 
neath the shorter leg to level the pelvis. A long x-ray cassette 
(51-inch) is used with the x-ray beam center focused on the 
knee from a distance of 10 feet. A radiolucent ruler often is 
used to assist in calculation of limb discrepancies. 





FIG 1 e A. Supine radiograph of a 10-year-old boy with a 
posteromedial bow of the tibia and a 4.5-cm leg length 
discrepancy. B. AP standing radiograph of a 6-year-old boy with 
a congenital short femur and a 4-cm limb length discrepancy. 


=" Other radiographic techniques described in the literature in- 

clude teleoroentgenogram, orthoroentgenogram, and the crite- 

rion standard: the slit scanogram and the CT scanogram.'?*"* 
" The CT scanogram is as precise in measuring LLD as the 
slit scanogram and it has the added benefit of more easily 
measuring LLD in the setting of joint contractures. 


DIFFERENTIAL DIAGNOSIS 


True shortening (eg, femoral or tibial) 

Apparent shortening due to dislocated hip 

Apparent shortening from contractures 

Angular deformity causing apparent shortening 
Overgrowth syndrome with both increased length and limb 
girth: hemihypertrophy 

=" Congenital limb deficiency (beware knee joint instability) 


NONOPERATIVE MANAGEMENT 


= Nonoperative management is based on the amount of 
discrepancy’®: 
" 0 to 2 cm: no treatment 
= 2 to 6 cm: shoe lift (option for epiphysiodesis or lengthen- 
ing in this range) 
=" More than 20 cm: extension prosthesis 


SURGICAL MANAGEMENT 


Preoperative Planning 
Ilizarov Method 


= Accurate radiographic measurement of current discrepancy 
and calculation of projected LLD at maturity 
= Determination of which bony segment is affected 
= Assessment of compensatory mechanics used for walking: 
equinus gait, circumduction, vaulting, or combination?! 
= Assessment of contractures: eg, extra- or intra-articular, 
bony 
= Assessment of associated deformities: eg, angulation, trans- 
lation, and rotation 
" Long-leg standing radiographs in both planes help deter- 
mine malalignment. 


Chapter 34 LIMB LENGTHENING USING THE ILIZAROV METHOD OR A MONOPLANAR FIXATOR 235 





= Stability or laxity of joints (hip, knee, ankle) is determined 
clinically and radiographically. 
= Skin condition: eg, open defect, scar tissue 
= Planning for corticotomy level, for lengthening as well as for 
correction of associated deformity with appropriate room for 
wire or half-pin fixation. 
=" Determine optimum frame configuration, with or without 
inclusion of the adjacent joint. 
= Details on ring size, half-pin, or K-wire placement 
= Single-stage lengthening of 10% to 15% of bone length is 
associated with fewer complications.” 
=" Technical considerations 
" The Ilizarov frame may be constructed before surgery. 
The design of the frame and the number of rings and arches 
depend on the amount of lengthening planned. 
" Separate threaded connecting rods are used between each 
ring block and the next. A rod spanning two or more rings 
allows less flexibility if adjustments are needed. 
" Adequate skin clearance of at least 2 to 3 cm must be 
maintained circumferentially under the ring. Small rings are 
more rigid than large rings, but smaller rings may hinder 
skin care and may cause soft tissue compression if there is 
postoperative swelling. 
" A template or an actual ring can be used to select the 
appropriate ring size (FIG 2), 
" Due to the changing diameter of each limb segment, dif- 
ferent ring sizes may be required for a single limb segment 
(for example, the diameter of the proximal arch for the 
femur typically is larger than the distal ring). 


Monoplanar Fixation 


= True measures of current discrepancy and calculation of pro- 
jected LLD 

=" Compensation mechanisms used during walking: equinus 
gait, circumduction, vaulting 

= Assessment of contractures: extra- or intra-articular 
Associated deformity: angulation, translation, and rotation 
Stability or laxity of joints: eg, hip, knee, ankle 

Skin condition: eg, open defect, scar tissue 

Long-leg films showing hip, knee, and ankle for lower 
extremity; and similar long films for the upper extremity 

= Planning for corticotomy level; osteotomy level if needed for 
correction of associated deformity; and planning for points of 
fixation 

=" Choose appropriate size arch, rods, rail, half-pin and/or 
K-wires. 


FIG 2 « Either a template (A) or an 
actual ring (B) may be used to mea- 
sure the ring size. 


=" Choose the appropriate size of the fixator (pediatric or 


adult) 


Positioning 

=" Lower extremity: Supine position on any radiolucent table 

(eg, Jackson table) 

=" Upper extremity: Supine position with arm over a radiolu- 

cent table 

= Intraoperative fluoroscopy (for both the AP and lateral 

images) 

= For the Ilizarov method: 
" Place rolled sheets (as bumps) beneath the ipsilateral but- 
tock and proximal tibia, leaving the femur free (FIG 3A). 
Similarly, for the tibia, a rolled sheet is placed beneath distal 
femur and ankle to create space for the tibial frame (FIG 3B). 
" Place a sandbag beneath the ipsilateral shoulder/scapula 
and rolled sheets (as bump) beneath the humerus and radius 
ulna to create a space for the frame. 

=" For monoplanar fixator use, place rolled sheet (as bumps) 

beneath the femur and tibia to create working space for appli- 

cation of the frame. 





FIG 3 « A. Patient positioned over the radiolucent table with a 
bump under the ipsilateral buttock and proximal tibia, leaving 
the femur relatively free. B. Patient positioned over the radiolu- 
cent table with a bump under the distal femur and ipsilateral 
ankle, leaving the tibia relatively free. 
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LIMB LENGTHENING USING THE ILIZAROV METHOD 


Tibial Lengthening 


Wire Insertion 


The wire insertion site is determined by local anatomy 
and the use of cross-sectional anatomic atlases to protect 
and avoid damage to blood vessels, nerves, and tendons. 
In small children, 1.5-mm fixation wires are used; in ado- 
lescents and adults, 1.8-mm fixation wires are used. The 
wires usually are tensioned to 100 kg in children and to 
130 kg in adults. 

The wire is introduced from the side nearest the neu- 
rovascular bundle. This helps prevent inadvertent injury 
to the neurovascular structures. 

Initially the wire is gently pushed through the soft tissue 
until it hits bone cortex. The center of the bone is lo- 
cated, and the wire is drilled through the cortex. It is im- 
portant not to bend the wire while drilling. 

The wire is prevented from bending by a short lever arm 
on the wire that holds the wire with a wet sponge or by 
use of a protective soft tissue sleeve (TECH FIG 1). 

After piercing the far cortex, the lowest possible drill soeed 
is used to further insert the wire. After exiting the far skin, 
the wire is inserted further by tapping with a mallet. 

The wire is fixed to the ring without bending the wire. 
Bent wires will move the bony fragments on tensioning. 
Any tension or puckering of the skin at wire insertion or 
exit is corrected by releasing the surrounding skin or fas- 
cia with the help of a no. 15 blade on a scalpel. 


Half-Pin Insertion 


Hydroxyapatite-coated half-pins are recommended, 
because they achieve better fixation and are associated 
with lower rates of infection and loosening.? 

The size of the half-pin should not exceed one-third the 
diameter of the bone segment being fixed. 

Freehand technique 

= Identify the optimal site for pin insertion. 


=™ Incise the skin over the insertion site, and then dissect 
down to the bone using a hemostat. 

= Now drill the bone (both cortices) through a protec- 
tive drill sleeve. 

=" The half-pin is introduced in the drilled track. The 
pin traverses only 1 to 2 mm through the far cortex, 
confirmed with fluoroscope. 

= The half-pin is attached to the ring or arch, which is 
positioned perpendicular to the bone segment. 

= If the half-pin insertion is not perpendicular to the 
bone, a post and half-pin fixation bolt are utilized. 

Ring guide technique 

=" First the ring or arch is fixed perpendicular to the 
bone with a wire. 

™ Depending on the optimal site for pin insertion, the 
half-pin fixation bolt or Rancho cube is attached to 
the ring. 

=" Now the sleeve is introduced through the half-pin 
fixation bolt or cube, and the skin site is marked. 

= The skin is incised and dissected to the bone using a 
hemostat. 

= The sleeve is advanced further to contact the bone. 

= The drill is introduced through the sleeve, and the 
bone is drilled (both cortices). 

= The half-pin is introduced in the drilled track. The pin 
traverses 1 to 2 mm through the far cortex, and this is 
confirmed fluoroscopically. 

=" The half-pin fixation bolt or the cube is tightened 
over the pin. 


Fibular Osteotomy and Anterior 
Compartment Fasciotomy 


The osteotomy is done at the junction of the proximal 
and middle thirds of the fibula. Avoid osteotomies of 
both the tibia and fibula at same level. 

The fibula is approached laterally through the plane 
between the peroneus longus and the lateral intermus- 





TECH FIG 1 e Bending of wire during insertion is prevented by holding the wire with a wet sponge (A) or with a protective 
soft tissue sleeve (B). 
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cular septum. The periosteum is incised with a sharp 
knife and is elevated circumferentially with a periosteal 
elevator. 

= A Hohmann or Bennett retractor then is placed around 
the exposed fibula to protect the surrounding soft tissue. 

= The fibula is osteotomized, either with an oscillating saw 
or using an osteotome, after placing several drill holes 
through both cortices. Irrigation fluid is used to prevent 
thermal necrosis while using the saw or drill. 

= An oblique osteotomy is used to have larger contact area 
between the two fragments. 

= The skin and subcutaneous tissues are closed without 
closing the underlying fascia. 

= Now the skin is incised over the tibial corticotomy site. 
The corticotomy site usually is the proximal metaphysis. 

= Prophylactic fasciotomy of the anterior compartment 
may be performed by releasing the anterior compart- 
ment fascia distally and proximally with a Metzenbaum 
Scissor. 

= We recommend fasciotomy before the frame is mounted, 
because more space is available to work. However it can 
be done later after mounting the frame. 

= Now a temporary suture is placed over the proximal 
tibial incision, deferring the corticotomy until later in the 
procedure. 


Ilizarov Frame Application 


= For simple lengthening (without deformity), three rings 
(or two rings and one arch) are used. 
= Introduce a transverse proximal tibial wire perpendicular 
to the shaft and below the growth plate in children 
(TECH FIG 2, #1). 
= To avoid penetrating the joint capsule, the transverse 
wire should be no closer than 14 mm to the subchondral 
bone of the proximal tibia. 
= Attach the proximal ring (previously constructed frame) 
to this wire, and tension the wire with a wire tensioner. 
Adequate ring clearance from the soft tissues must be 
verified circumferentially. 
= — Another transverse wire is introduced in the distal meta- 
physis of the tibia proximal to the distal growth plate 
and fixed to the distal ring (TECH FIG 2, #2). 
= ~The biomechanical and anatomic axis of the tibia is the 
same in the absence of deformity. 
= The lengthening rods are placed parallel to the biome- 
chanical axis. Radiographically, the rods should be parallel 
to the posterior cortex on the lateral view and parallel to 
the longitudinal axis of the tibia on the AP view. 
= Next a wire is placed proximally, passing from lateral to 
medial. This wire enters the fibular head (just distal to 
the proximal fibular growth plate), traversing the tibia 
and exiting through the anteromedial tibial cortex. 
= Care is necessary to prevent damage to the peroneal 
nerve, which is in close proximity to the fibular neck. 
The wire is then fixed and tensioned to the proximal ring. 
Now two half-pins are placed in the most proximal ring. 
In this configuration, there should ideally be 90 degrees 
of angulation between the two pins (TECH FIG 2, #3). 
= Usually a half-pin fixation bolt is required with one 
half-pin and a one-hole cube for the other half-pin, 
so that the pins are placed at slightly different levels. 


= It is important not to damage the tibial tubercle and 
proximal tibial physis while placing the half-pins or 
wires. 

= Next, a wire is placed distally through the fibula and tibia 
just above the growth plate at the level of the syndesmo- 
sis (TECH FIG 2, #4). This wire is attached and tensioned 
to the distal ring. 

= Place the fibula-tibia wire more than 12.2 mm from the 
distal tibia subchondral surface to avoid capsular pene- 
tration and the risk of joint sepsis. 

= ~=6Ahalf-pin is introduced just proximal to the distal ring in 
an anteromedial direction. It is then fixed to the distal 
ring (TECH FIG 2, #5). 

= One or two half-pins are similarly introduced just above 
and below the middle ring and are securely fixed to the 
middle ring (TECH FIG 2, #6). 

= The connecting rods between the proximal and middle 
rings are then disconnected, and attention is directed to 
the corticotomy site. 

=  Extra-periosteal dissection is performed at the proximal 
tibial metaphyseal osteotomy site. 


Growth plate 


Corticotomy 






Growth plate 


TECH FIG 2 e The sequence and placement of K-wires or half- 
pins in tibial lengthening. 7, Proximal transverse tibial wire 
perpendicular to the shaft and below the growth plate in 
children. This wire is placed anterior to the fibula head. 
2, Transverse wire in the distal metaphysis of the tibia proxi- 
mal to the distal growth plate. 3, Two half-pins are inserted 
proximally, one above and one below the proximal ring at an 
approximate angle of 90 degrees to one another. 4 Distal 
wire through the fibula and tibia above the growth plate at 
level of syndesmosis. 5, Distal tibial half-pin is introduced in 
the anteromedial direction. 6, One or two half-pins are intro- 
duced, just above and below the middle ring. 
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TECH FIG 3 ¢ A. Multiple drill holes are made in the 
anterior/anteromedial tibial cortex. B. A 5-mm osteotome is 
advanced through the bone at the level of drill holes in a 
regulated manner. Lateral fluoroscopic imaging is helpful to 
judge depth. 


The periosteum is not elevated circumferentially, in order 
to preserve the blood supply. 


Corticotomy 


Multiple drill holes are made in both tibial cortices from 
anterior to posterior. If necessary, additional drill holes 
can be made at the same level from another point over 
the anteromedial cortex (TECH FIG 3A). 

A 5-mm osteotome is advanced through the bone at the 
level of the drill holes (TECH FIG 3B). 

First the anteromedial cortex is osteotomized, followed 
by the anterolateral cortex. Each time the osteotome 
passes through the far cortex, it is twisted with a wrench 
to cause a controlled fracture in the cortex. 

Finally, a wider osteotome is seated in the posterior cor- 
tex and twisted with a 14-mm wrench to break the pos- 
terior cortex. 

The corticotomy is confirmed by externally rotating the 
distal block. Internal rotation is avoided, because it 
places tension on the common peroneal nerve. The 
fragments are rotated back to the normal reduced 
position. 

The rods between the proximal and distal blocks are re- 
connected as they were before the corticotomy, and the 
osteotomy is reduced. 

The use of square nuts or clickers on the connecting rods 
allows future distraction. 


Wound Closure 


The skin is closed without closing the underlying fascia. 
Check that all the nuts and bolts are tight. 

Put a dressing (eg, Xeroform [Covidien, Mansfield, MA], 
sponges) around the wires and half-pins. Pressure dressing 
is applied over the fibular and tibial corticotomy sites. 
Place the dressing material between the frame and the 
surgical wound. 


The foot is placed in a plantigrade position and a foot- 
plate is attached. When planning a large lengthening, 
the foot may be included in the frame to prevent pro- 
gressive equinus deformity of the ankle. 

Similar consideration is given to including the knee in 
the frame for large lengthening or in the setting of 
cruciate ligament laxity. 


Taylor Spatial Frame 


The Taylor Spatial Frame (TSF; Smith & Nephew, 
Andover, MA) has Web-based spatial software, which 
helps to calculate correction of deformity or lengthening 
of the bone. 

Deformities can be corrected using chronic deformity 
correction, the rings-first method, or the residual defor- 
mity method. 

In the TSF, the proximal and distal blocks may or may not 
be connected preoperatively. 

The number and site of wire/half-pin fixation, the num- 
ber of rings, and the basic construct of the frame are sim- 
ilar to those described earlier. 

The details of fibular osteotomy and anterior compart- 
ment fasciotomy are the same. 

Mount the frame and secure with wires and half-pins. 
The proximal and distal blocks are connected with six 
connecting struts. The details of the strut lengths are 
recorded, after which the struts are disconnected and 
corticotomy is completed as discussed earlier. 

The corticotomy is reduced, and the struts are recon- 
nected the way they were before the corticotomy 
(TECH FIG 4). 

The deformity, frame, and mounting parameters are 
entered in the software program, which prescribes a 
lengthening/corrective program. 

The rate of distraction is determined based on local bone 
and soft tissue status. Typically, it is 1 mm per day in 
healthy bone and soft tissue. 





TECH FIG 4 e A two-level osteotomy was performed on the 
patient shown in Figure 1A with the goal of distal deformity 
correction and proximal tibia lengthening with application of 
a Taylor spatial frame. 
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Femoral Lengthening 





The usual frame construct for simple femoral lengthen- 
ing (without deformity) is composed of two rings and 
one arch. 

Initially, a transverse wire is placed in the distal femur, 
parallel to the knee joint line and proximal to the 
growth plate in children (TECH FIG 5A, wire 1). The 
direction of the wire is from lateral to medial. 

The previously constructed frame is mounted, and the 
distal ring is attached to this wire. The wire is then 
tensioned. All the rings, including the arch, should have 
at least one or two fingerbreadths clearance from the 
anterior and posterior surface of the thigh. 

The mechanical and anatomic axes of the femur are not 
identical as in the tibia. The mechanical axis is drawn 
from the center of the femoral head to the center of the 
knee joint, whereas the anatomic axis is the central axis 
of the femoral shaft. The anatomic axis forms a 7-degree 
angle with the mechanical axis. 

A transverse half-pin is introduced in the lateral proximal 
femur perpendicular to the mechanical axis, using the 
ring guide technique (TECH FIG 5A, pin 2). The pin is 
placed centrally in the lateral cortex and is fixed to the 
proximal arch. 

The frame rods are placed parallel to the mechanical 
axis. Radiographically, the rods are parallel to the pos- 
terior cortex on the lateral view and parallel to the 
mechanical axis (marker from center of femoral head to 
the center of knee joint) on the AP view. 

Next, two half-pins are placed in the distal femur proxi- 
mal to the growth plate. The direction of these half-pins 
is from posterolateral to anteromedial and from postero- 
medial to anterolateral (TECH FIG 5A, pin 3). 

While introducing half-pins, it is necessary to flex the 
knee to avoid placement across the tendon and muscle 





Corticotomy 
site pins, and distal metaphyseal corticotomy. 


(ie, biceps femoris, semitendinosus, semimembranosus). 
Care is necessary to prevent any damage to the common 
peroneal nerve, which is in close relationship with the 
biceps femoris. 

One or two half-pins are introduced in the proximal 
femur (TECH FIG 5A, pin 4). The half-pins are fixed to 
the proximal arch using different-size Rancho cubes to 
avoid pin placement at the same level. 

Next, one or two half-pins are placed adjacent to the 
middle ring (TECH FIG 5A, pin 5). 

The rods between the middle and distal rings are discon- 
nected for corticotomy of the distal femoral metaphysis. 
A skin incision is made over the anterolateral distal 
femur close to the distal metaphysis. The deep tissue is 
incised, and the vastus lateralis is elevated by blunt dis- 
section to expose the lateral femoral cortex without dis- 
turbing the underlying periosteum. The osteotomy is 
performed approximately 1 cm proximal to the most 
proximal wire or half-pin attached to the distal ring. 
The cortex is drilled at the same level, with multiple 
drill holes at varying angles. A 5-mm osteotome is 
advanced through the anterior, lateral, medial, and pos- 
terior cortices. 

Each time the osteotome is fully seated through the far 
cortex it is twisted with a wrench to cause an atraumatic 
fracture in the cortex. The corticotomy is confirmed by 
externally rotating the distal ring. 

The fragments are rotated back to the normal reduced 
position. This will decrease bleeding from the cut bony 
surfaces. 

The rods are reconnected as before the corticotomy. 
Square nuts or clickers are used with these connecting 
rods to allow for controlled distraction. 

The corticotomy site is closed. A check is done to tighten 
all nuts and bolts (TECH FIG 5B). 


TECH FIG 5 « A. The sequence and placement 
of K-wires or half-pins in femur lengthening. 
1, Transverse wire in the distal femur, which 
is parallel to the knee joint line and proximal 
to the growth plate in children. 2, A trans- 
verse half-pin in the lateral proximal femur 
perpendicular to the mechanical axis. 3, Two 
half-pins in the distal femur directed from 
posterolateral to anteromedial and from pos- 
teromedial to anterolateral cortex. 4, One or 
two additional half-pins in the proximal 
femur. 5, One or two half-pins adjacent to 
the middle ring. B. A completed femoral 
frame with rings, connecting rods, wire/half- 
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During large lengthening and in presence of knee liga- 
ment laxity, one should consider extending the frame 
across the knee joint. 


Taylor Spatial Frame 


When using the TSF for femoral lengthening, the proxi- 
mal and distal blocks may or may not be connected 
preoperatively. 

The number and site of wire/half-pin fixation, number of 
rings, and basic construct of the frame are similar to 
those described with the Ilizarov technique. 

Mount the frame and secure with wires and half-pins. 
The proximal and distal blocks are connected with six 
connecting struts. The details of the strut lengths are 
noted. Then the struts are disconnected and corticotomy 
is completed as discussed earlier. 

The corticotomy is reduced, and the struts are recon- 
nected at the same lengths as before corticotomy 
(TECH FIG 6). This results in anatomic reduction at the 
osteotomy site. 

The deformity, frame, and mounting parameters are 
entered in the software program, which prescribes a 
lengthening/deformity correction program. Lengthening 
proceeds at 1 mm/day under normal circumstances. 


MONOPLANAR FIXATOR ASSEMBLY 
Technical Considerations 


Monolateral fixators stabilize bone fragments using 

percutaneous half-pins to transfix the bone with external 

fixation of the half-pin to the clamp, rail, rod, or arch. 

Some monoplanar systems use arches or rings to achieve 

multiplanar fixation. 

Advantages of monoplanar fixators”?: 

™" Greater patient comfort during femur and humerus 
lengthening 

= Less bulky frame 

= Simple construct 

Disadvantages of monoplanar fixators 

= Less rigid 

=" Less flexible: eg, the MAC frame (EBI, Parsippany, NJ) 
has a universal hinge that allows correction of angu- 
lar deformity and a translation device that allows 
correction of translation in two directions. 

= Not recommended for large lengthening (more than 
5 cm) 

The monolateral frame is constructed before the surgery 

is done. The design of the frame, including the number of 

clamps and arches, depends on the planned lengthening. 

Rail size depends on the planned lengthening. 

Techniques to increase frame stability include: 

=" Increase number of half-pins 

= Increase diameter of the half-pins (pin diameter 
should not exceed a third of the bone diameter) 

™" Greatest possible angle between half-pins (maximum, 
90-degree angle) 

™ Reduce distance between the bone and the external 
frame. 
Increase the distance between half-pins. 
Fixation as close to the corticotomy as possible. 
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TECH FIG 6 e A distal femur osteotomy was performed on the 
patient shown in Figure 1B after application of a femur frame 
with extension across the knee to include the tibia. The femur 
and tibia frames were connected with hinges to prevent knee 
subluxation during lengthening. 


Femoral Lengthening 


For simple lengthening (without deformity), three-point 

fixation is required in each segment. 

Use guidewire technique to place the first half-pin in the 

distal femur. A guidewire is introduced parallel to the 

knee joint line and proximal to the growth plate in 

children. 

=" Because the femur has a natural anterior bow, the 
guidewire is placed slightly anterior (not central) in 
the lateral femoral cortex (TECH FIG 7A, #1). 

The bone is drilled over the guidewire with a 4.8-mm or 

3.2-mm cannulated drill bit (depending on the size of 

half-pin to be used). Then a self-tapping, hydroxyapatite- 

coated half-pin is introduced in the drilled track 

(TECH FIG 7B, #1). 

Attach this half-pin to the clamp, which is connected to 

the rail (monolateral fixator). 

At least one fingerbreadth of distance is maintained 

between the external frame and the lateral surface of 

the proximal thigh. 

A second half-pin is introduced in the proximal femur 

perpendicular to the biomechanical axis and fixed to the 

proximal clamp (TECH FIG 7B, #2). 

This half-pin is also placed slightly anterior (not central) 

in the lateral femoral cortex (TECH FIG 7A, #2). 

With intraoperative fluoroscopy, check the AP and 

lateral relationships of the frame with the femur. The 

frame should be located parallel to the biomechanical 

axis on the AP view (TECH FIG 7B, #3). On the lateral 

view, all the holes of the proximal and distal clamp 

should overlie the bone. 

Introduce two or more half-pins through the empty 

holes of the proximal clamp (TECH FIG 7B, #4). 
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TECH FIG 7 « A. Lateral view of the femur. The guidewire and half-pin are placed just slightly 
anterior (not central) in the lateral femoral cortex. B. The sequence and placement of half-pins 
in femur lengthening. 7, A half-pin is placed in the distal femur parallel to the knee joint line and 
proximal to the growth plate in children. 2, The second half-pin is introduced in the proximal femur 
perpendicular to the biomechanical axis. 3, The frame/rail is placed parallel to the biomechanical axis 
in AP view. 4, One or two half-pins are introduced through the empty holes of the proximal clamp. 
C. The proximal part of the distal clamp is approximately angulated by 10 to 15 degrees anteriorly. 


During femoral lengthening, soft tissue tension predis- 
poses the femur to develop procurvatum deformity. 
Procurvatum deformity can be prevented by making 
simple adjustments during frame application. After the 
proximal half-pins have been placed, the rail is disen- 
gaged from the proximal clamp. The distal clamp is then 
angulated by 10 degrees anteriorly (TECH FIG 7C). 

The additional two half-pins are then placed in the distal 
clamp. This pin placement creates a mild recurvatum 
deformity (10 degrees), which compensates for the pre- 
dicted procurvatum deformity. 

At this point the frame is removed in preparation for 
corticotomy. The distance between the clamp and the 
skin is marked on the half-pins. 

Gloves are changed, and the skin at the level of the cor- 
ticotomy is prepped again. 

The femoral corticotomy is completed following the same 
principles discussed earlier. 

After completion of the corticotomy, the frame is reap- 
plied, maintaining the same distance between the clamps 
and the skin. 

Fluoroscopy is used to confirm the slight recurvatum 
deformity. This recurvatum deformity compensates 
for the procurvatum tendency during lengthening of 
femur. 


The skin is closed after repair of the tensor fascia. 

The distraction device is connected to the clamps, and 
final tightening is performed. 

Half-pins are dressed with Xeroform gauze and sponges. 


Tibial Lengthening 


For simple lengthenings (without deformity), two- or 
three-point fixation is required in each bony segment. 
The tibial frame usually includes a proximal clamp or 
arch with two or three half-pins and a distal fixation 
clamp with two or three half-pins. 

Fibular osteotomy is performed first (as discussed 
previously). 

A distal tibia-fibula transfixation screw is required to 
prevent distal tibia-fibula subluxation. 

The skin is incised over the tibial corticotomy site, which 
usually is the proximal metaphysis. 

Prophylactic fasciotomy of the anterior compartment is 
performed under direct vision before frame application. 
Now a temporary suture is placed at the corticotomy skin 
incision, and corticotomy is performed after pin fixation 
is complete. 

Two half-pins are introduced in the proximal tibial 
metaphysis perpendicular to the shaft and distal to the 
growth plate (TECH FIG 8, #1). The half-pins are placed 
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in the anteromedial and anterolateral cortex, with care 
to avoid the tibial tuberosity. 

The half-pin configuration should aim for pin spread of 
90 degrees. The half-pins are introduced at different 
levels. The first half-pin is placed freehand. The arch is 
placed parallel to the proximal tibial joint line, and the 
second half-pin is placed through the clamp. 

The anterior aspect of the arch should be at least a 
fingerbreadth from the anterior cortex. 

In the absence of deformity, the mechanical and 
anatomic axis of the tibia are the same. The mounted 
frame should be parallel to the biomechanical axis in 
both the AP and lateral views (TECH FIG 8, #2). 

A half-pin is then introduced in the distal tibia through 
the clamp (TECH FIG 8, #3). Once again, parallel align- 
ment of the frame with the mechanical axis is confirmed. 
Two additional half-pins are placed distally through the 
distal clamp (TECH FIG 8, #4). 


PEARLS AND PITFALLS 


= Incomplete osteotomy will not allow distraction. Identify this intraoperatively and complete the corticot- 





TECH FIG 8 © The sequence and placement of 
half-pins in tibial lengthening: AP (A) and lateral 
views (B). 7, Two half-pins in the proximal tibia; 
2, the frame is parallel to the biomechanical axis; 
3, the half-pin is inserted in the distal tibia 
through the distal clamp; 4, two half-pins are 
placed distally through the distal clamp; 5, corti- 
cotomy site. 


The distance of the clamps from the skin is marked on 
the half-pins. The frame is then removed in preparation 
for the corticotomy. 

Gloves are changed, and the skin at the level of the prox- 
imal tibial metaphysis is prepared again. 

The tibial corticotomy is completed following the same 
principle discussed earlier (TECH FIG 8, #5). 

The frame is reapplied, maintaining the same distance 
between the clamps and the skin as measured before the 
corticotomy. 

A properly executed procedure will not have any residual 
displacement at the corticotomy site. 

The skin is closed, leaving the underlying fascia open. 
The distraction device is connected to the clamps, and 
final tightening is performed. 

Half-pins are dressed with Xeroform and sponges. A 
pressure dressing is applied over the corticotomy site. 
The foot is placed in a plantigrade position. 





omy. Confirm complete osteotomy with fluoroscopy by externally rotating the distal fragment. 
= Avoid neurovascular injury by placing half-pins and wires through the safe zones.'? Use cross-sectional 


atlas in operating room. 


= Skeletal muscle relaxants may mask intraoperative nerve injury, and paralyzing agents are avoided.'® 


= Prevent joint contracture by reducing or stopping distraction temporarily, increasing physical therapy, and 
using static or dynamic splinting of the joint. 


= To prevent subluxation and dislocation of an adjacent joint during limb lengthening: 
™" Correct hip instability before performing femur lengthening. 
= Extend the frame across the knee joint in the setting of cruciate ligament laxity. 
= Maintain full knee extension using nighttime static splinting. 
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POSTOPERATIVE CARE 


= Distraction is started after a latency period of 7 to 10 days 
(depending on the age of the patient, the level of the corticot- 
omy, and the local blood supply).&*""® 
= The rate of distraction is 1 mm per day, distributed as 
0.25 mm four times a day.&''!5 
= Pin care is done with half-strength hydrogen peroxide and 
normal saline. 
= Showering is allowed 1 week after the surgery, with antibac- 
terial soap. 
= Full weight bearing is encouraged as tolerated. 
=" Physical therapy to maintain range of motion and prevent 
contractures: 
=" Minimum: three times a week, and a home program is 
performed four times a day 
= During active lengthening, the patient is seen once per week. 
= Routine perioperative intravenous antibiotic prophylaxis is 
used, 


OUTCOMES 


Ilizarov Technique 


= In 1995, Stanitski et al?’ reported the results of 36 femoral 
lengthenings in 30 consecutive patients using the Ilizarov 
technique. The etiology of femoral shortening was congenital 
in 21 femurs and acquired in 15. The average lengthening was 
8.3 cm (range, 3.5 to 12 cm), with a treatment time of 6.4 
months (range, 2.5 to 12 months). Complications included pre- 
mature consolidation in four patients, malunion of more than 
10 degrees in two patients, and residual limb length inequality 
(less than 2 cm) in two patients. Two patients developed knee 
subluxation. There were no reports of osteomyelitis, ring 
sequestra, neurologic or vascular compromise, compartment 
syndrome, hypertension, or hip or knee dislocations in their se- 
ries. Psychological problems necessitated cessation of lengthen- 
ing in two patients. 
= These results show a significant improvement over previ- 
ous reports of earlier techniques of femoral lengthening in 
terms of greater lengthening, simultaneous deformity cor- 
rection, and fewer major complications. 
= Stanitski et al** reported tibial lengthening for 62 tibiae in 
52 patients using the Ilizarov technique. The average length- 
ening was 7.5 cm (range, 3.5 to 12 cm). Twenty-eight (22%) 
patients required unplanned procedures, which included os- 
teotomy for malunion or deformation of the regenerate and 
Achilles tendon for persistent equinus contracture. The com- 
plication rate decreased after the initial learning curve. 


Monoplanar Fixator 


=" Coleman and Noonan’ reported results of distraction osteo- 
genesis in 114 femurs and 147 tibias treated with monoplanar 
external fixator for a variety of different conditions. Mean 
femoral lengthening was 11 cm, or 48% of the original femur 
length. The femora that gained more length (expressed as per- 
centage of original length) had poor healing indices. 
" Interestingly, LLD was more difficult to correct with dis- 
traction osteogenesis than short stature. In tibia the mean 
tibial lengthening was 9 cm or 41% of the original tibial 
length. The mean healing index was 32 days per centimeter 
of lengthening. The complication rate was 1.33 per tibia. 
Seemingly, obstacles or problems were also considered as 
complications in their study. 


" Overall, good results were obtained. They concluded that 
larger lengthenings are possible, but the cost is increased 
time and complications. 


COMPLICATIONS 
Intraoperative 


= Tlizarov method: Compartment syndrome is rare, but may 
occur early following the surgery. Pain with passive stretch 
and paresthesias are important clinical signs of compartment 
syndrome. Measure compartment pressures and decompress 
the affected compartment as needed. Prophylactic anterior 
compartment release may be performed at the time of corti- 
eotomys 
=" Monoplanar fixator 
" Incomplete corticotomy: Confirm complete corticotomy 
by externally rotating the distal fragment under fluoroscopic 
imaging. 
= Avoid neurovascular injury by placing half-pins through 
safe zones.” Use a cross-sectional atlas. 
" Avoid paralyzing anesthetic agents during surgery, because 
they may mask nerve injury.*!” 


Distraction Period 


=" Pin tract infection initially is treated with a short course 
of oral antibiotics (7 to 10 days) and appropriate pin tract 
care. If infection persists, consider intravenous antibiotics 
or removal of the wire or half-pin with curettage of the in- 
fected site. 

=" Premature consolidation may be due to incomplete os- 
teotomy, slow distraction rate, or incorrect direction of 
distraction. 

=" Neurologic symptoms may arise in the form of altered 
sensation or weakness of the muscle. The wire or half-pin is 
removed if direct contact or irritation of the nerve is suspected. 
Stretching of the nerve with rapid distraction may result in 
nerve injury, and it may be necessary to decrease the rate of 
distraction or even stop distraction temporarily.°*'”:*° 

=" Surgical nerve decompression occasionally is required to 
release the nerve from compressing structures. 

=" Unplanned deformity may develop during bone lengthening. 
Appropriate frame modifications may be required to correct 
the deformity.'7""” 

= Joint contractures may occur during lengthening. Treatment 
includes increasing the number of physical therapy sessions 
and use of dynamic splinting, especially to prevent equinus 
contracture. 

= Iatrogenic deformity may develop during lengthening. 
Frame modifications may be required to correct the deformity 
and maintain a neutral mechanical axis.”"* 

= Compartment syndrome is rare (the anterior compartment 
is always released intraoperatively) but may occur following 
surgery. Paresthesia, pain with passive stretch, and pain out 
of proportion to the surgical procedure are clinical indicators 
of compartment syndrome. Compartment pressures should 


be measured, and compartments should be released as 
needed.* 


Consolidation Period 


= Pin tract infection (as described earlier). 

=" Delayed consolidation of regenerate may respond to elec- 
trical or ultrasound bone stimulator. The frame can be dy- 
namized or the regenerate can be compressed by 0.5 cm. 





244 


Section Ill RECONSTRUCTION 


After Frame Removal 


= The regenerate bone may deform after premature frame 
removal (eg, poor regenerate, fewer than three continuous 
cortices). This can be prevented by frame dynamization prior 
to frame removal and protected weight bearing. 


Assess the regenerate bone clinically and radiographically 


at the time of frame removal. Consider use of a cast or brace 
and protected weight bearing in the setting of questionable 
bone regenerate. 
= Stress fracture can occur either at the site of half-pins, espe- 
cially when the half-pin size exceeds one third the diameter of 
the cortex, or through the regenerate bone. Fracture is treated 
with reapplication of the frame, casting, intramedullary rod 
fixation, or plate application.° 
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DEFINITION 


= Physiologic genu varum (before age 2) and genu valgum 
(before age 6) are ubiquitous in children. These deformities are 
self-correcting and need no intervention. 

= At maturity, limb lengths should be symmetric, or at least 
within 2 cm of each other. 

=" However, various pathologic processes may cause progres- 
sive and harmful angular deformities of the knee or knees, 
with or without limb-length discrepancy. 

=" With the insidious deviation of the mechanical axis, 
secondary ligamentous laxity, patellofemoral instability, and 
joint subluxation may ensue, resulting in gait disturbance and 
functional limitations. 

= These findings may be unilateral or bilateral, involving the 
femur, tibia, or both. The deformities may or may not be 
symmetric. 

=" Concomitant torsional deformities and length discrepancy 
of greater than 2 cm may complicate matters. 


ANATOMY 


=" During standing, the normal knee joint line and physes 
remain horizontal. The mechanical axis, represented by a line 
joining the center of the hip and center of the ankle, should 
bisect the knee at an angle of 87 degrees with respect to the 
joint line (FIG 1A). Allowing for normal variation, the 
mechanical axis should at least fall within the inner two 
quadrants (+1 or —1) of the knee (FIG 1B), 

= The distal femur normally has about 6 degrees of anatomic 
valgus relative to its shaft, expressed as a lateral distal femoral 
angle (LDFA) of 84 degrees. 

=" The proximal tibia has 3 degrees of varus relative to its 
shaft; consequently, the medial proximal tibial angle (MPTA) 
is 87 degrees. 

=" Weight-bearing forces are relatively evenly divided between 
the medial and lateral compartments. This results in physio- 
logic loading of the articular surfaces and physes. 

= The patella remains centered in the femoral sulcus, guided 
by the retinacula. 


PATHOGENESIS 


= Intrinsic weakness within the femoral or tibial epiphyses or 
physes may inhibit growth, resulting in deviation of the 
mechanical axis. 

= Progressive deviation invokes the Hueter-Volkmann princi- 
ple, where excessive and chronic compression further inhibits 
articular and physeal cartilage growth. Thus, a vicious cycle is 
established, perpetuating the problem (FIG 2A). 

= An arthrogram may help to demonstrate the phenomenon of 
delayed ossification due to malalignment (FIG 2B). 

= Direct or indirect trauma may result in physeal damage, 
with either restricted growth or occasionally overstimulation 
of growth. 


Peter M. Stevens 


=" Secondary effects on the extensor mechanism and 
patellofemoral joint may compound issues related to genu val- 
gum, and patellar instability may ensue. 

=" Length discrepancy that is predicted to exceed 2 cm at ma- 
turity may warrant surgical intervention; epiphysiodesis is a 
good option for the 2- to 5-cm range. 


NATURAL HISTORY 


= The natural history of physiologic knee deformities is spon- 
taneous resolution, without the need for braces, therapy, or 
surgery.” 

= The natural history of pathologic deformities is progressive 
valgus or varus resulting in knee instability and joint deterio- 
ration. As the ground reaction forces are displaced medially or 
laterally, eccentric compression of the distal femur and proxi- 
mal tibia exceeds their loading tolerance and inhibits normal 
growth, not only of the physis but of the epiphysis as well 
(Hueter-Volkmann effect). 

=" Gait disturbance and functional limitations will ensue, often 
accompanied by pain.° 







Mechanical axis 





MP TA 87° 





| 4 
A 2 B 


Valgus (+) (—) Varus 


FIG 1° A. The mechanical axis is a line drawn on a full-length 
standing AP radiograph of the legs, preferably with the pelvis 
leveled and the patellae facing forward. Connecting the center 
of the head and ankle, it should bisect a horizontal knee. 

B. Dividing the knee into quadrants, the axis should pass within 
medial or lateral zone one, allowing for physiologic variations. 
Mechanical axis deviation into zone 2 or 3 is an indication for 
surgical intervention. 
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FIG 2 © A. This young child has windswept legs owing to skele- 
tal dysplasia, with varus on the right and valgus on the left. 

B. Bilateral knee arthrography demonstrates the true size and 
shape of the articular surfaces and the inhibition of epiphyseal 
ossification (Hueter-Volkmann principle). 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Family history may yield important clues regarding the 
cause and natural history of deformities. The parents and 
siblings have often been subjected to corrective osteotomies. 

= The patient presents with knock knees or bowlegs; the defor- 
mity may be unilateral or bilateral. There may be concomitant 
limb-length discrepancy with both true and apparent foreshort- 
ening of the involved limb. 

=" Knock knees may be accompanied by outward femoral or 
tibial torsion (or both). Medial collateral laxity may permit 
medial knee thrust. 





= Patellar instability is not uncommon as the deformity pro- 
gresses. Circumduction gait is inevitable and problematic for 
walking and running. 

=" Knock knees are documented by measuring the intermalleo- 
lar distance while the patient is standing with the knees touch- 
ing (patellae neutral) (FIG 3A). 

=" Bowlegs may be accompanied by inward tibial torsion and 
intoeing. Lateral ligament laxity may permit lateral knee thrust 
during walking. 

=" Bowlegs are readily documented by measuring the inter- 
condylar distance while the patient is standing with the feet 
together (patellae neutral) (FIG 3B). This should corroborate 
the mechanical axis deviation from the center of the knee that 
is measured on the standing radiograph (FIG 3C), 

= The spine and feet should be evaluated as well. 

=" Orthotics may provide knee support but will have no cor- 
rective effect upon growth. Whether this is due to suboptimal 
design or compliance issues is a matter of debate. 

= Physical examination should include observation of stance, 
knee alignment, torsional profile, limb lengths, and gait. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Weight-bearing anteroposterior (AP) and lateral views of 
the lower extremities are obtained with the patellae facing for- 
ward. For limb-length discrepancy, the pelvis is leveled with 
blocks. 
= A patellar view may document patellar tilt or subluxation. 
= Estimation of skeletal maturity (hand or elbow film) may be 
useful. Guided growth requires at least 6 months to produce 
demonstrable improvement in alignment. 
=" Computed tomography (CT) scan or magnetic resonance 
imaging (MRI) is obtained if a physeal bar is suspected. A 
“sunsight” CTI is obtained for “miserable malalignment” 
(femoral plus tibial torsion) (FIG 4). 
= The landmarks for femoral measurement are a line that 
bisects the femoral neck versus a line crossing the back of 
the femoral condyles (normal, 11 to 15 degrees). 


FIG 3 ° A. Obesity and idiopathic genu val- 
gum afflict this 13-year-old boy with an in- 
creased intramalleolar distance (red arrow) 
and patellar instability. Without limb re- 
alignment (not patellar), the natural his- 
tory is all too obvious. (continued) 
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" For the tibia, it is a line across the back of the condyles 
versus the bimalleolar axis (normal, 15 to 20 degrees). 


DIFFERENTIAL DIAGNOSIS 


=" Genu valgum 
Idiopathic genu valgum (see Fig 3A) 
Hereditary multiple exostoses 
Cozen fracture (proximal tibial metaphysis) 
Congenital limb anomalies 
Postaxial hypoplasia 
Neuromuscular disorders: cerebral palsy, spina bifida 
Down syndrome 
=" Genu varum 
= Blount disease 
" Rickets 
" QOsteochondral dysplasia (see Fig 3B,C) 
= Ollier disease 
=" While the underlying diagnosis (see above) has often been 
established, the cause has little relevance to the treatment. The 
degree of deformity and the evolution of symptoms dictate the 
timing and need for intervention. 


NONOPERATIVE MANAGEMENT 


= Activity restriction and nonsteroidal anti-inflammatories are 
not definitive treatments. Valuable time may be wasted, and 
there is no logical endpoint to this form of management. 

= Physical therapy remedial exercises are of no lasting benefit 
with respect to the established growth pattern. 


== f - 





1 Angie: 34 degrees 


FIG 4e A rotational “gunsight” CT scan documenting femoral 
anteversion of 35 degrees (normal, 11 + 3 degrees). The norm 
for the tibia—fibula is 10 to 20 degrees outward. 





FIG 3 © (continued) B. This 2-year-old boy with metaphyseal 
dysplasia manifests an increased intercondylar gap and lat- 
eral thrust with walking. C. Progressive mechanical axis de- 
viation is inevitable and nonoperative management is futile. 


= While knee bracing may compensate for muscle weakness or 
secondary ligamentous laxity, it may not predictably effect 
growth modulation or improvement in skeletal alignment. 

=" Furthermore, adequate braces are cumbersome and expen- 
sive, SO noncompliance may be an issue. 


SURGICAL MANAGEMENT 


=" Any child or skeletally immature adolescent being consid- 
ered for corrective osteotomy may be a candidate for guided 
growth. 
=" As long as the physes are open, hemiepiphysiodesis or 
guided growth offers advantages and has few associated com- 
plications compared to more invasive osteotomies. 
= The indications for surgery include progressive deformity 
resulting in gait disturbance, functional limitations, and pain. 
Many patients have already exhausted other options, includ- 
ing nonsteroidal anti-inflammatories, bracing, activity restric- 
tion, and physical therapy or even osteotomy. 
=" Options for growth modulation include: 
= Phemister bone block: permanent; requires precise timing 
and close follow-up” 
" Percutaneous drilling: permanent; same drawbacks as 
Phemister technique 
" Epiphyseal stapling (Blount): rigid implant compresses 
dynamic physis’ 
= Percutaneous screw (Metaizeau): reversibility unknown; 
rigid implant violates or compresses the physis; limited 
applications (adolescence, frontal plane deformities)* 
=" Guided growth with eight-plate (Stevens): reversible; 
tension band principle; versatile (any age, diagnosis, or 
plane) 


Preoperative Planning 


=" Both the clinical examination and appropriate radiographs 
should reveal and document varus or valgus deformities of the 
knee as well as limb lengths. The torsional profile should be 
documented. 

=" When indicated, bilateral or multilevel surgery may be 
accomplished at one sitting (outpatient). 

=" Length discrepancies and rotational malalignment may not 
be directly addressed by guided growth. However, relative 
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length is gained and there may be subsequent rotational im- 
provement when the mechanical axis is restored to neutral. 

=" Occasionally an intraoperative arthrogram will demonstrate 
the true shape of the articular surfaces (see Fig 2B). 

=" A modular approach may permit angular correction to neu- 
tral mechanical axis, followed by length adjustment. 


Positioning 


= The patient is positioned supine on the operating table. 
= Fluoroscopy is recommended. 








GUIDED GROWTH: EIGHT-PLATE 


With the patient in the supine position and (preferably) 
under tourniquet control, the medial or lateral aspect (or 
both) of the distal femoral or proximal tibia (or both) are 
identified fluoroscopically and 2- to 3-cm skin incisions 
are marked.®” 
= |t is helpful to inject them with 0.25% Marcaine for 
postoperative comfort. 
When approaching the medial femur, the fascia of the 
vastus medialis is incised parallel to its inferior border, and 
the muscle is retracted. On the lateral femoral approach, 
the iliotibial band is split longitudinally. Over the medial 
tibia, the medial collateral ligament is split longitudinally; 
over the lateral tibia, the anterior compartment muscles 
are left intact and the fibula is undisturbed. 
The dissection is deepened sharply, dividing fascia and 
retracting muscles as necessary but preserving the 
periosteum. 
A Keith needle is inserted into the physis (this character- 
istically feels like pushing a needle into a bar of soap), 





= Thigh tourniquets are employed for speed and accuracy of 
hardware placement. 


Approach 


=" The surgical approach is minimally invasive, directly over 
the physis, at the apex of the deformity. 

=" Hardware should be midsagittal unless correcting an oblique 
or sagittal-plane deformity. Placement is confirmed with fluo- 
roscopy and the implant position is adjusted as needed. 


and the position and direction are confirmed with the 
image intensifier. 

= The 12- or 16-mm plate (surgeon preference) is centered 
on the Keith needle using the middle hole; it is inserted 
deep to the soft tissues to rest in an extraperiosteal 
position. 

= The 1.6-mm smooth guide pins are inserted, placing the 
epiphyseal one first, followed by the metaphyseal pin. 

= The cortex is drilled to a depth of 5 mm to permit 
insertion of the 24- or 36-mm (surgeon preference) fully 
threaded, cannulated, self-tapping screws (TECH FIG 1). 
= The screws do not have to be parallel or to match in 

length. 

m If the position looks good, the guide pins are removed 
and the screws are further tightened so that the heads 
are countersunk in the plate. 

= After routine wound closure, a soft compression dressing 
is applied. 





~4.5-mm cannulated 
self-tapping screw 


TECH FIG 1 « A. The eight-plate instrumenta- 
tion includes a soft tissue guide with 1.6-mm 
cannulation for the guide pin and 3.2 mm for 
the “stubby” drill that permits a 5-mm depth 
of penetration. B. The 4.5-mm screws are 
cannulated and self-tapping and come in 
three lengths: 16 mm (shown here), 24 mm, 
and 32 mm. C,D. The plate application is ext- 
raphyseal, over a localizing guide pin, while 
preserving the periosteum. Any open and ap- 
proachable physis may be instrumented for 
correction in the frontal, sagittal, or oblique 
planes as well as for length correction. 





STAPLING (BLOUNT) 


The surgical approach is the same, preserving the 
periosteum. 
A guide needle is inserted. 


= One to three rigid Blount staples (Zimmaloy) are inserted 
per physis. 
= — Simple closure is done with a elastic bandage. 
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PERCUTANEOUS SCREW (METAIZEAU) 


Under fluoroscopic guidance, a single 7.3-mm trans- 
physeal screw is placed either from the medial or 
lateral side of the bone, crossing the physis near its 
perimeter. 


The goal is to place the tip of the screw just inside the 
medial or lateral aspect of a given physis to effect angu- 
lar growth. 

Upon correction to neutral, the screw is removed. 
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PHEMISTER 


This approach is mainly of historic interest. = A bone rectangle is removed and inverted to establish a 
=m The same approach is used as for stapling or eight-plate. bony bridge. 
=  Periosteal flaps are raised to visualize the physis. = This technique is permanent and thus most suitable for 


teenagers. It requires precise timing and calculations. 


PERCUTANEOUS EPIPHYSIODESIS (MODIFIED FROM PHEMISTER) 


There may be a delay in effect until a bone bridge is 
established. 

This technique is permanent and thus suitable only for 
teenagers. It requires precise timing and calculations. 


= Under fluoroscopic guidance the physis is drilled or #® 
curetted (or both) to produce a bony physeal bar. 

= The requisite depth of penetration has yet to be 5% 
specified. 





PEARLS AND PITFALLS 





Follow-up = Parents should be educated about the importance of routine periodic follow-up; typically follow-up is 
done every 3 months (FIG 5A,B). 
Staples = If stapling is part of the procedure, forewarn parents about possible hardware migration or breakage 


requiring revision surgery (FIG 5C). 


Periosteal damage = Periosteal damage should be avoided during hardware insertion or removal. 








5 c 


FIG 5 © A. This 12-year-old boy, stapled for unilateral genu valgum, failed to return for follow-up for 

14 months and overcorrected into varus. The staples were removed and eight-plates inserted laterally. 
Had he had physeal drilling, the only salvage would have required femoral and tibial osteotomies with 
lengthening or contralateral epiphysiodesis. B. A 14-year-old boy 1 year after tibial stapling for limb- 
length inequality due to congenital clubfoot. The lateral staples have loosened, resulting in mechanical 
axis deviation into medial zone 2. A lateral eight-plate corrected this iatrogenic varus deformity to 
neutral. C. This 12-year-old girl with neurofibromatosis was stapled for length discrepancy. One year 
later her staples inexplicably had migrated (medial more than lateral), causing iatrogenic varus and 
requiring unplanned reoperation. Through bending, these narrow-gauge staples have afforded dramatic 
correction of fixed knee flexion deformity. It is impossible to tell, however, if or when they might break, 
and periosteal damage will be unavoidable upon removal. 
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POSTOPERATIVE CARE 


=" No immobilization is required. 

= Immediate weight bearing is permitted. 

=" No activity restriction is imposed. 

=" Follow-up is done at 3-month intervals with weight-bearing 
AP radiographs of the legs when clinically straight. 

=" Hardware is removed, avoiding periosteal damage, when 
the mechanical axis is neutral or limb lengths are equal. 

=" Continued follow-up is important. Guided growth can be 
repeated if rebound growth causes recurrence. 

=" Osteotomy may be reserved for rotational correction or fur- 
ther length equalization. 


OUTCOMES 


= Initially after hemiepiphysiodesis there is no visible differ- 
ence, and the family needs to be forewarned of this. 

=" The correction is gradual and subtle, and therefore routine 
follow-up is imperative. 

=" Correction to neutral (eight-plates) will take 12 months on 
average; staples take somewhat longer. 

=" The hardware is removed upon correction of the valgus or 
varus deformity. (The surgeon must preserve the periosteum!) 
=" Follow-up should continue until maturity to watch for re- 
current deformity due to rebound growth. While this is unpre- 
dictable, it will be evident within 12 months of hardware 
removal. 

= Premature physeal closure is unlikely, provided the hard- 
ware is inserted and removed uneventfully, leaving the perios- 
teum intact. 

= Because the plate-screw construct is flexible and serves as a 
tension band, it is unlikely to break or migrate, making revi- 
sion surgery less likely. 

=" Modular adjustment of limb lengths is convenient and simple 
to accomplish. 

= If secured with cannulated screws, eight-plate survivorship is 
rarely problematic. 


COMPLICATIONS 


= There is a race between deformity correction and hardware 
failure. Failure is more likely with a rigid implant. 

= The rigid staples are at a disadvantage owing to occasional 
migration or breakage, necessitating unplanned revision 
surgery (FIG 6), 

=" A bent staple may permit excellent correction but is more 
difficult to monitor and remove. 





FIG 6 e A 14-year-old boy 1 year after tibial stapling for limb- 
length inequality due to congenital clubfoot. The lateral staples 
have loosened, resulting in mechanical axis deviation into 
medial zone 2. The lateral eight-plate corrected this iatrogenic 
varus deformity to neutral. 
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DEFINITION 


= Angular deformities of the distal tibia can lead to varus or 
valgus malalignment of the ankle joint. 

= Additional sources of ankle malalignment include both bony 
and ligamentous disorders. 


ANATOMY 


=" Normally, the tibiotalar joint is in neutral alignment. This is 
assessed by measuring the lateral distal tibial angle (LDTA), 
which has a normal value of 90 degrees (range, 88 to 95 
degrees). 

= Sagittal alignment of the ankle joint is normally in slight 
dorsiflexion and is assessed by measuring the anterior distal 
tibial angle (ADTA), which has a normal value of 80 degrees 
(range, 78 to 81 degrees). 


PATHOGENESIS 


=" Coronal plane deformities about the ankle are not un- 
common and may occur secondary to congenital or acquired 
conditions.’ 

=" Varus angular malalignment of the ankle is generally due to 
either a traumatic or infectious insult to the medial aspect of 
the distal tibial physis, with resultant premature closure of the 
injured area and relative overgrowth of the lateral distal tibial 
physis and fibula.?:*>’ 

=" Valgus deformity of the ankle in children is associated with a 
wide variety of conditions. Relative overgrowth of the medial 
aspect of the distal tibial physis can occur as a result of fibular 
shortening or hypoplasia. Longitudinal deficiency of the fibula 
may be due to premature distal fibular physeal closure, fibular 
nonunion or malunion, congenital pseudarthrosis of the fibula, 
or longitudinal deficiency of the fibula, or it may occur after 
harvest of a portion of the fibula for bone grafting. In addition, 
progressive ankle valgus with lateral wedging of the distal tib- 
ial epiphysis may be seen in patients with myelodysplasia. 

=" Deformities occurring secondary to physeal injuries are 
progressive. 

=" Correction of deformities about the ankle is complicated by 
the fact that deformities are frequently centered about the dis- 
tal tibial physis, very close to the ankle joint. 

=" Because the deformity is often centered very close to the 
joint, opening or closing wedge osteotomies performed proxi- 
mal enough to allow fixation of the fragments often produce 
unacceptable translation of the ankle joint. 


NATURAL HISTORY 


=" Angular deformity of the distal tibia leads to abnormal 
loading of the hindfoot, ankle joint, and knee, and may lead 
to secondary deformities such as a planovalgus foot or hallux 
valgus. Long-term malalignment of the ankle joint may lead 
to the development of premature osteoarthritis of the ankle.*:” 


= Initially, the limb may be treated with braces or orthotics 
without difficulty. However, progression of the deformity with 
growth leads to increased soft tissue pressure, bursa forma- 
tion, and risk of skin ulceration over the medial malleolus, lat- 
eral malleolus, or talonavicular region. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= A detailed history should be obtained, including recent or 
remote trauma, infection, or congenital conditions. In addi- 
tion, symptoms related to ankle malalignment or instability 
should be elicited. 
=" Physical examination should include gross inspection of 
both lower extremities with the patient standing, walking, and 
sitting to determine the location of deformity as well as the 
alignment of adjacent structures (in particular the hindfoot 
and knee) that may contribute to perceived deformity as well 
as affect the surgical outcome. 
= The clinician should inspect standing foot and ankle align- 
ment from behind the patient to determine the location of 
deformity (distal tibia, ankle, hindfoot). 
" Standing heel alignment in varus or valgus may indicate 
the presence of uncompensated distal tibial deformity. 
Normal alignment in the presence of deformity alerts the 
surgeon to hindfoot compensation, which may be rigid or 
supple. 
=" The clinicians should check hindfoot passive inversion and 
eversion to evaluate the ability of the hindfoot to accommo- 
date surgical changes. 
" Lack of hindfoot motion can alert the surgeon that the pa- 
tient may not be able to compensate for distal tibial os- 
teotomies. Further procedures may be warranted to realign 
the hindfoot to correct fixed deformities. 
= Single-limb toe rise: With the patient standing, viewed from 
posterior, the patient lifts one limb, then rises onto the toes of 
the standing limb. This should result in prompt inversion of 
the heel, rising of the longitudinal arch, and external rotation 
of the supporting leg. Lack of hindfoot inversion should draw 
attention to the subtalar and transverse tarsal joints as possi- 
ble sites of pathologic alignment. 
=" To check forefoot—hindfoot alignment, the patient is seated, 
facing the examiner. The patient’s hindfoot is grasped in one 
hand and the calcaneus is held in the neutral position, in line 
with the long axis of the leg. The examiner’s other hand grasps 
the foot along the fifth metatarsal. The thumb of the hand 
grasping the heel is placed over the talonavicular joint, and the 
joint is manipulated by moving the hand holding the fifth 
metatarsal until the head of the talus is covered by the navicu- 
lar. The position of the forefoot as projected by a plane paral- 
lel to the metatarsals is compared to the orientation of the long 
axis of the calcaneus. The forefoot will be in one of three po- 
sitions relative to the hindfoot—neutral, forefoot varus, or 
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forefoot valgus. The examiner should determine whether this 
relation is supple or rigid, especially when considering surgery, 
since a fixed varus or valgus forefoot deformity will not allow 
the foot to become plantigrade after realignment of the tibio- 
talar or subtalar joints. 

= Standing lower extremity alignment: If distal tibial defor- 
mity is present in conjunction with genu varum or valgum, the 
patient’s entire deformity should be evaluated and a compre- 
hensive plan developed. 

= The patient’s gait may show an antalgic pattern or may re- 
veal limitations of functional motion in the hindfoot. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Standing anteroposterior (AP) and mortise views of both 
ankle joints should be obtained (FIG 1A-C), The LDTA is 
measured from the intersection of a line drawn parallel to the 
long axis of the tibia and a second line drawn across the 
dome of the talus. The normal LDTA is 90 degrees as mea- 
sured from the lateral side. The amount of deformity is 
calculated from the number of degrees that differ from 90 
degrees. 

= Lateral weight-bearing radiographs of both ankles should 
be obtained to detect any sagittal plane deformity (FIG 1D). 
The lateral tibiotalar angle is measured from the anterior side. 
The average ADTA is 80 degrees as measured from the ante- 
rior side. 

=" Foot radiographs, including standing AP, standing lateral, 
and oblique views, are used to evaluate hindfoot alignment to 
avoid over- or undercorrection at the time of surgery. The 
standing lateral view of the foot is used to evaluate talar-—first 
metatarsal alignment; normally, the talus and first metatarsal 
are parallel. The standing AP view is used to evaluate the talo- 
calcaneal angle; if the talocalcaneal angle exceeds 35 degrees, 
hindfoot valgus is present. 

= A standing AP view of the pelvis is obtained to evaluate for 
leg-length discrepancy. 

=" Computed tomography can be useful in assessing the pres- 
ence and size of physeal bars. 





DIFFERENTIAL DIAGNOSIS 


= In addition to distal tibial angular deformity, varus or val- 
gus malalignment about the ankle joint may be due to other 
local bony or ligamentous disorders. 

= Fixed hindfoot varus or valgus may simulate ankle defor- 
mity on clinical examination. 

=" Apparent ankle valgus may occur secondary to disorders 
such as angular deformity of the fibula with shortening and 
associated lateral shift of the talus hindfoot valgus, hindfoot 
valgus, or fixed forefoot varus. 

=" Apparent ankle varus may occur secondary to disorders 
such as hindfoot varus as seen in Charcot-Marie-Tooth 
disease, residual clubfoot, or fixed forefoot valgus. 


NONOPERATIVE MANAGEMENT 


=" Mild distal tibial angular deformity associated with ankle 
varus or valgus can be managed through the use of custom 
braces and orthotics or medial or lateral posting of the shoes. 
= Surgery is the mainstay of treatment of bony deformity of 
the distal tibia. 


SURGICAL MANAGEMENT 


=" An opening or closing wedge supramalleolar osteotomy 
(SMO) may be performed for simultaneous correction of 
frontal- and sagittal-plane deformities of the ankle. 

=" SMOs allow for immediate correction of the deformity. 
However, they are considered technically demanding and rela- 
tively invasive and require a period of limited weight bearing 
or non-weight bearing and immobilization. 

=" The challenge involved in correcting varus or valgus defor- 
mities of the ankle is to correct the deformity without intro- 
ducing new secondary deformities. The mechanical axis of the 
tibia should pass through the center of the ankle perpendicu- 
lar to the joint surface. 

=" Some SMO techniques may lead to the development of sec- 
ondary deformities. For instance, a transverse closing wedge 
osteotomy performed 4 cm proximal to the joint surface to 
correct a valgus deformity causes lateral shift of the ankle and 
a prominent medial malleolus. 





FIG 1° A. Standing AP view of both ankles in a 14-year-old boy with a left distal tibial valgus deformity due to congenital 
pseudarthrosis of the tibia. B. Standing AP radiograph of the left ankle in a 16-year-old boy showing a varus deformity after a 
healed physeal distal tibial fracture with medial physeal arrest. C. Standing lateral radiograph of the left ankle of the same patient. 
D. Standing mortise radiograph of the left ankle in the same patient showing a varus deformity after a healed physeal distal tibial 


fracture with medial physeal arrest. 


=" In a child with growth remaining, physeal modulation via a 
hemiepiphysiodesis with an eight-hole plate, transphyseal 
screw, or staples can be used to correct distal tibial valgus 
deformities. 

=" Correction occurs gradually after hemiepiphysiodesis, so 
it is not ideal for patients requiring acute corrections such 
as those with skin breakdown or significant pain. Close 
follow-up after hemiepiphysiodesis is essential to avoid over- 
correction. 

=" Currently, SMOs are the procedure of choice for correcting 
ankle valgus in the absence of adequate growth to correct the 
deformity by hemiepiphysiodesis techniques. 


Deciding on the Technique 


= Several techniques have been used and are described below, 

including transphyseal SMO, transverse SMO with transla- 

tion, and the Wiltse SMO. 

= Oblique supramalleolar opening or closing wedge osteotomy 
" Lubicky and Altiok’ described an oblique distal tibial 
osteotomy to correct varus and valgus deformity of the dis- 
tal tibia. 
= This technique offers the advantage of placing the hinge 
of the osteotomy at the level of the deformity and thus per- 
forming the correction at the site of the deformity so that 
maximum correction can be obtained without creating a 
secondary translational deformity. 

= Transverse supramalleolar osteotomy with translation: 

Concomitant fibular osteotomies are performed to allow for 

compression at the osteotomy site and translation of the tibial 

osteotomy. 

= Wiltse osteotomy 
= Wiltse® noted that a simple wedge resection for correction 
of distal tibial valgus deformities will lead to malalignment 
and prominence of the medial malleolus. 
" The author developed and reported the results of re- 
section of a triangular section from the distal tibia with 
rotation of the distal fragment in order to produce a 
normal-appearing ankle and improved weight-bearing 
alignment. 


9.03mm 
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" This procedure is effective because it creates a stable os- 
teotomy and forces the surgeon to lateralize the osteotomy 
when correcting a valgus deformity, thereby bringing the 
ankle joint beneath the tibial shaft and preventing medial 
prominence of the medial malleolus. 
= Screw hemiepiphysiodesis is used to address valgus deformi- 
ties in children with sufficient growth remaining to correct the 
deformity. 
=" We have found that the oblique osteotomy allows for cor- 
rection of the deformity and offers the advantage of improved 
bone healing as minimal periosteal stripping is necessary and 
the deformity is corrected by hinging the osteotomy at a point 
along the bisector of the deformity. 


Preoperative Planning 


= The principal issues to be addressed in surgical correction 
of distal tibial deformities are the magnitude and direction of 
the deformity, any rotational component, and length. The 
surgeon should address all of these components with a com- 
prehensive plan. 

=" Length discrepancies in particular are critical because when 
the limb-length discrepancy is greater than 2 cm, a lengthening 
or shortening procedure should be performed in conjunction 
with correction of the distal tibia. Either contralateral epiphys- 
iodesis or shortening should be planned or lengthening of the 
index limb, which may make the entire procedure preferable 
to perform with circular external fixation. 

=" Weight-bearing radiographs of the ankle in the AP and lateral 
planes are essential to determine the extent of the deformity. In 
addition, it is important to thoroughly assess the hindfoot and 
forefoot. 

= The magnitude and plane of the deformity to be addressed 
should be calculated preoperatively and noted in the preoper- 
ative plan (FIG 2A). 

= After the deformity is assessed using the methods described 
by Paley and Tetsworth,* the position of the center of rota- 
tion of angulation (CORA) is identified and a bisector is con- 
structed. Most commonly this point is very near the physis and 
articular surface (FIG 2B). 


FIG 2° A. Standing mortise radi- 
ograph of the left ankle showing pre- 
operative planning. A 12-degree 
varus deformity is shown with plan- 
ning for a 12-degree opening wedge 
oblique osteotomy with a 10-mm 
opening at the base. B. Standing AP 
view of both ankles in a different pa- 
tient showing preoperative planning, 
revealing a 17-degree valgus defor- 
mity and plans for a 17-degree clos- 
ing wedge osteotomy. The base of 
the wedge is planned as 14 mm along 
the medial tibial cortex. 
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= Although the osteotomy can be performed at a level consis- 

tent with the biology of the bone and allowing for adequate 

fixation, the correction of the deformity should occur along 

the bisector. 

=" The goal of surgical correction should be to obtain an 

LDTA of about 90 degrees with a tibial mechanical axis that 

passes through the center of the ankle. 

=" Care should be taken to evaluate the hindfoot motion 

preoperatively. 
" Patients with fixed varus or valgus hindfoot alignment 
may require additional procedures, such as a calcaneal 
osteotomy, or the surgeon may elect to compensate for a 
mild fixed deformity by leaving the ankle in mild varus or 
valgus alignment, thereby bringing the hindfoot into neutral 
alignment. 


Positioning 

= The patient is placed in the supine position on a radiolucent 
operating table with a bolster placed under the ipsilateral hip. 
A well-padded nonsterile tourniquet is placed around the ipsi- 
lateral proximal thigh. 

= Intraoperative fluoroscopy is essential. The C-arm should be 
placed on the opposite side of the table. The C-arm monitor 
should be placed with the image intensifier on the opposite 
side of the table from the limb to be corrected. 


Approach 


= Distal tibial osteotomy is performed through either a me- 
dial incision centered over the medial malleolus or an antero- 
medial incision made slightly lateral to the anterior tibialis 
tendon. 





MEDIAL APPROACH 


= The proximal extent of dissection is determined by the 
size of the bone wedge to be resected in a closing wedge 
osteotomy or by the extent of the fixation required in an 
opening wedge. 

= A medial incision is made directly along the medial bor- 
der of the tibia extending from just proximal to the phy- 
sis to as far proximal as needed based on the size of the 
wedge to be removed for correction of the valgus defor- 
mities (TECH FIG 1). 

= Care is taken to protect the saphenous vein and nerve. 
The distal tibia is exposed to a point just proximal to the 
physis. If the distal tibial physis is closed, the dissection 
can be extended beyond the physis and to the epiphysis 
if needed. The periosteum is divided sharply. This area is 
exposed subperiosteally anteriorly and posteriorly. 

= After the tibia is exposed medially, a limited subpe- 
riosteal dissection is made anteriorly and posteriorly in 
an oblique direction down to the lateral aspect of the 
distal tibial physis. Crego or Chandler retractors are then 
placed to protect the soft tissues. 





TECH FIG 1 « Placement of incision on the anteromedial aspect 
of the ankle for oblique osteotomy. 


ANTERIOR APPROACH 





# ~~ A longitudinal incision is made over the anterior aspect of 


the ankle extending distally to the ankle joint and proxi- 
mally about 5 cm. The dissection should be carried down 
lateral to the anterior tibial tendon, protecting the ante- 
rior tibial artery and deep peroneal nerve laterally. 

Subperiosteal dissection is carried out around the tibia 
distally to the level of the physis. Crego or Chandler 


If the osteotomy is performed through a medial ap- 
proach, the preplanned osteotomy is then performed 
with an oscillating saw to the physis, leaving the lateral 
cortex intact. 


retractors are then placed medially and laterally to pro- 
tect the soft tissues. 

= If necessary, the fibular osteotomy is performed using a 
separate 2-cm lateral incision that parallels the fibula 
and is centered over the point of the osteotomy. 


OBLIQUE SUPRAMALLEOLAR OPENING OR CLOSING WEDGE OSTEOTOMY 


Valgus Deformities 


For valgus deformities, a second osteotomy is made at 
an angle to the first corresponding to the amount of 





bone to be resected according to the preoperative plan. 
This is also done with a power saw, ending at the lateral 
extent of the first osteotomy, and the wedge is removed 
(TECH FIG 2A,B). 

The foot and ankle are then rotated into varus, closing 
the wedge while leaving the lateral hinge intact, and the 
correction is assessed using the image intensifier and if 
necessary plain radiographs. Additional bone can be re- 
moved from the proximal fragment if the amount of cor- 
rection is insufficient. 

Once the osteotomy closes, the drill is passed through the 
medial malleolus in patients with a closed physis, securing 
the osteotomy. If the patient has an open physis, an 
oblique interfragmentary screw is passed across the os- 
teotomy site beginning just proximal to the physis. The 
screw should be centered in the sagittal plane. 
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TECH FIG 2 « A. AP intraoperative 
view of the ankle showing a Crego 
elevator in place with a saw blade 
performing the initial osteotomy. 
B. AP intraoperative view of the 
ankle with a saw blade placed into 
the initial cut and the saw complet- 
ing the second cut. 


If the fibula is an impediment to correction (it usually is 
not) an oblique osteotomy of the fibula is made and if 
necessary fixed with a plate and screws. 


Varus Deformities 


For varus deformities, an opening wedge is created 
along the same line. Once the osteotomy is made, the 
osteotomy site is distracted using a lamina spreader to 
the preplanned distance to correct the deformity (TECH 
FIG 3A-C). 

It is then held open by a wedge-shaped tricortical iliac 
crest graft or simply stabilized with a medial plate and 
screws (TECH FIG 3D-H), beginning with a screw passed 
from medial to lateral across the osteotomy site. 

After wound closure, a short-leg non-weight-bearing 
cast is applied. 
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TECH FIG 3 e A. Position of the two Crego elevators used to protect the soft tissues during the oblique osteotomy. An oscillat- 
ing saw is used to create the oblique osteotomy. Fluoroscopy is used to confirm the angulation of the cut as well as to ensure 
that the lateral cortex remains intact. B. A large osteotome is placed into the osteotomy site and used to open the osteotomy. 
Cc. A laminar spreader is used to hold open the osteotomy site. D. The amount of medial opening needed for deformity correc- 
tion is verified by measuring the medial opening in millimeters. E. A bicortical 3.5-mm screw (cortical) is inserted from the prox- 
imal to distal fragments to hold the osteotomy site open, allowing for removal of the laminar spreader. F. A 3.5-mm small frag- 
ment dynamic compression plate is contoured to the medial aspect of the distal tibia. (continued) 
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TECH FIG 3 « (continued) G. The plate is 
secured to the distal tibia with 3.5-mm 
cortical bone screws. H. Intraoperative AP 
radiograph showing opening wedge os- 
teotomy with internal fixation. 


TRANSVERSE SUPRAMALLEOLAR OSTEOTOMY WITH TRANSLATION 


The tibiotalar joint should be corrected to neutral at the 
time of surgery. 

A wedge of bone is resected, apex medial in valgus an- 
kles and apex lateral in varus ankles. The angle of the 
wedge is based on preoperative radiographs. The wedge 
of bone is harvested so that continuity of the apex is 
maintained and acts as a hinge. 

An anteromedial longitudinal incision is made over the 
distal tibial metaphysis. The periosteum is incised medial 
to the tibialis anterior tendon. The surgeon should avoid 
cutting into the physeal perichondral ring distally. The 
periosteum is elevated and retracted with Crego retrac- 
tors placed medially and laterally. The level of the distal 
tibial physis is checked using fluoroscopy. 

When addressing valgus deformities, a closing wedge 
osteotomy is performed in the metaphyseal bone about 
3 cm proximal to the ankle joint. The proximal cut ts 
made first. It is aligned perpendicular to the long axis of 
the tibia. The second distal osteotomy cut is made 
obliquely. The triangle formed by the two cuts is medi- 
ally based. Enough bone is removed to convert the pre- 
operative LDTA to neutral. 

Preoperatively, a sterile template triangle can be pre- 
pared with a piece of paper and a goniometer. The 
paper is placed on the tibia, which is marked with an os- 
teotome and then cut with an oscillating saw. 


WILTSE OSTEOTOMY 


The osteotomy is performed through an anterior ap- 
proach to the distal tibial metaphysis at the level of the 
metadiaphyseal junction. 

A triangular piece of bone is removed from the region 
of the distal tibial metadiaphyseal junction. The apex of 
the cut is centered on the longitudinal axis of the tibia. 
The magnitude of the angle of the lateral portion of the 
triangle should be equal in size to the magnitude of the 
deformity to be corrected. 


The fibular osteotomy, if necessary, is performed at the 
same level as the tibial osteotomy. The fibular osteotomy 
is performed because it allows for sufficient compression 
at the tibial osteotomy site, and it also allows for central- 
ization of the distal tibial fragment to improve foot 
alignment. 

The tibial osteotomy may be fixed with a small fragment 
plate or Kirschner wires. 

The fibular osteotomy is made through a second incision, 
laterally over the fibula. The osteotomy is shaped in the 
form of a triangle. The proximal cut is oblique and ends 
proximal at the medial cortex. The distal cut is perpendic- 
ular to the shaft of the fibula. 

The extent of correction is checked with an intraopera- 
tive radiograph. 

Care is taken to avoid injury to the distal tibial physis 
when obtaining fixation of the osteotomy. 

Internal or external rotation deformities can be ad- 
dressed at the same time. 

Alternatively, an opening wedge osteotomy may be per- 
formed about 2 to 3 cm proximal to the physis. An os- 
teotomy is made parallel to the ankle joint, and an open- 
ing wedge correction is performed and filled with bone 
graft. 


The osteotomy should be stabilized by a plate and screws 
or Kirschner wires and the wound is closed. A cast is 
placed as below. 

If growth is near completion, simple deformity correction 
should suffice. However, in children with growth remain- 
ing, the deformity can be overcorrected to avoid recur- 
rent deformity. 
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SCREW HEMIEPIPHYSIODESIS 


= Using image intensification, a drill bit is placed into the 
tip of the medial malleolus through a 3-mm stab 
wound. 

= The drill is advanced under C-arm guidance proximally 
and medially across the distal tibial physis. Care is 
taken to avoid injury to the posterior neurovascular 
bundle, which passes inferior to the tip of the medial 
malleolus. 

= The position of the drill bit is confirmed on AP and lat- 
eral fluoroscopic images. In the AP plane the guide pin 
should be located as medially as possible. The guide pin 
should be centered in the sagittal plane. 

= The drill bit is then withdrawn and a 50- to 60-mm 
fully threaded cancellous screw is placed into the distal 
tibia. A second screw may be placed if necessary 
(TECH FIG 4). 

= The wound is closed, and a soft dressing is placed. The 
child is allowed full weight bearing as tolerated. 


TECH FIG 4 « Postoperative AP 
diograph of the patient in Fig! 
1A after plate fixation and bc 
grafting of the fibula and scr 
hemiepiphysiodesis of the mec 
distal tibia. 





STAPLE OR EIGHT-HOLE-PLATE HEMIEPIPHYSIODESIS 


= We currently prefer the eight-hole plate over hemiepi- ™@ The eight-hole plate is then placed over the Keith needle 





physeal staples because of the lower incidence of failure 
due to backing out or breakage. 
A 1- to 2-cm incision is made directly over the medial dis- 


and guidewires are placed through the plate holes into, 
respectively, the epiphysis and the metaphysis. 
The longest screws consistent with the anatomy are se- 


tal tibial physis. 

Extraperiosteal dissection is carried out over the physis. 

The physis is localized using image intensification anda §& 
Keith needle. 


lected for use. Care must be taken not to penetrate the 
articular surface. 

Screws may be placed under power without drilling, or 
reaming may be performed over the guidewire and then 
the screws placed. 





PEARLS AND PITFALLS 


Passive hindfoot motion 





= Full preoperative evaluation of passive hindfoot motion is essential. Correction of a varus or 
valgus distal tibial deformity when the hindfoot does not have adequate motion to 
accommodate the correction requires either additional hindfoot procedures or modification 
of the procedure. 


Periosteal stripping = The surgeon should avoid periosteal stripping whenever possible. Limited exposures, when 


possible, preserve soft tissue attachments and promote healing and stability. 


Lateral hinge = When performing the oblique osteotomy, the surgeon must leave the lateral bony hinge intact, 


whether performing an opening or closing wedge osteotomy. This intact hinge is the key to 
stability in this osteotomy. If this principle is violated, stable fixation is difficult. 


POSTOPERATIVE CARE 


= After wound closure, a short-leg non-weight-bearing cast is 
applied. Non-weight bearing is maintained for 4 to 6 weeks. 
" Closing wedge osteotomies are typically stable and pa- 
tients are allowed full weight bearing at 4 weeks. 
=" Opening wedge osteotomies are stable based on fixation 
and grafting, and the patient is kept non-weight bearing for 
6 weeks. 


" After 4 to 5 weeks, when weight bearing is initiated, the 
cast is removed and a CAM walker is applied. 
=" Physical therapy should be instituted to regain motion, 
strength, and proprioception before resuming activities. 
= It is important to follow immature patients closely for the 
development of a limb-length discrepancy, which can be ad- 
dressed by performing an epiphysiodesis of the contralateral 
lower limb. 
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OUTCOMES 


" Lubicky and Altiok’ reported their experience in 26 limbs 
with the oblique osteotomy and found rapid healing and few 
complications, with all patients resuming their preoperative 
level of activity. 

= They noted that patients with preoperative hindfoot valgus 
had improved alignment with varus overcorrection of the dis- 
tal tibia and recommended overcorrection by 5 degrees in 
these patients. 

=" We have not overcorrected patients with normal hindfoot 
alignment, particularly those with posttraumatic deformities. 


COMPLICATIONS 


=" Nonunions, wound healing problems, and loss of correction 
after surgery may be related to a number of factors. 

= Historically, the distal tibia is associated with increased dif- 
ficulty with both soft and hard tissue healing in the trauma- 
tized limb. Also, impaired tissue development and growth due 
to decreased innervation and physiologic stresses can create a 
barrier to normal healing. 

= Leg-length discrepancy can be seen after opening and clos- 
ing wedge osteotomies in growing children. 

=" Delayed union may require prolonged immobilization with 
weight bearing as tolerated. Nonunion can be managed with 
improved fixation, autologous bone grafting, and further im- 
mobilization in a non-weight-bearing cast. 

=" Malunion can be due to inadequate fixation or slow healing 
and loss of fixation. 

=" Recurrence of the deformity can be due to continued growth 
with partial physeal arrest. 

= Premature growth plate closure can occur with the oblique os- 
teotomy. This can occur as a planned portion of the procedure 


or can be due to periosteal stripping at the level of the physis or 
fixation crossing the physis. 

=" Pseudarthrosis of the fibula can occur after fibular os- 
teotomies. These are most often asymptomatic and can be ob- 
served. When painful, open reduction, plate fixation, and bone 
grafting should be considered. 
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DEFINITION 


= Children with osteogenesis imperfecta (OI) and syndromes 
with congenital brittle bones sustain recurrent fractures and de- 
formity, which cause chronic pain and limit their function.'”7° 
=" Multiple percutaneous osteotomies and percutaneous tele- 
scoping intramedullary nailing can improve comfort and func- 
tion with lower morbidity than previously was possible. 

= The severity of bone disease, fracture incidence, degree of 
deformity, and functional level of the patient, as well as the pa- 
tient’s response to medical treatment, are more important in 
surgical decision-making than the specific diagnostic type of 
OI or brittle bone disease. 


ANATOMY 


= There is broad variation in anatomic findings in the differ- 
ent types of OI and other brittle bone diseases that resemble it. 
=" Some children have blue sclera, obvious dentinogenesis im- 
perfecta, triangular facles, and ligamentous laxity, but this 
varies greatly, even within the same family, and many affected 
children have none of these findings. 

= The defining characteristics of children with OI are a varying 
degree of bone fragility, and recurrent fractures. 

= Progressive anterior bowing of the long bones is quite com- 
mon, especially in children with moderate to severe involve- 
ment, even with early treatment with bisphosphonates (FIG 1). 
=" Coxa vara, both apparent and true, can develop. 


PATHOGENESIS 


=" OI is caused in the great majority of cases by dominant 
mutations in type I procollagen genes. 

= In the remaining cases, children may have brittle bone dis- 
ease with a similar presentation and problems that are not 
caused by mutations in the type I procollagen genes.’’!” 

=" The flexors, such as the gastrocnemius muscles and ham- 
strings, contribute to the progressive bowing. 

= Secondary joint contractures may be seen as a result of the 
longstanding deformities. 


NATURAL HISTORY 


= Historically, children with very severe OI, especially Sillence 
type II, rarely survived infancy, and children with types III and 
IV had severe disability secondary to recurrent fractures, bone 
pain, and deformities.**:7> 

=" Before bisphosphonate therapy was available, ambulation 
and even functional, comfortable sitting were difficult if not 
impossible for many children with severe forms of OI. 

=" Even children with less severe forms of OI may have many 
significant fractures, which inhibit comfort, function, and 
quality of life. 


" Scoliosis and vertebral flexion fractures with secondary 
kyphosis are common. 

=" Spondylolysis and spondylolisthesis are very common, 
especially in ambulatory children. 

= Progressive craniocervical abnormalities can occur and are 
not necessarily related to the overall severity of the OI. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Findings vary greatly depending on the type and severity of 
OI. In addition, findings on physical examination may change 
dramatically as children respond to treatment with bisphos- 
phonates. 





FIG 1° A. Radiographs of an infant with moderately severe 
osteogenesis imperfecta (Ol). B. At 16 months of age, bone 
strength is improved, but deformity does not remodel. 
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=" Possible physical findings include blue sclera, triangular 
face, dentinogenesis imperfecta, joint laxity, bowing of the 
arms and legs, and flattening of the skull, especially in infants 
with severe involvement, but these findings vary greatly even 
within the same family, and many of the children have none of 
these classic physical findings. 

= Flexible flat feet and externally rotated lower extremities are 
quite common. 

= A variety of presentations are possible, and children with 
subtle forms of OI may appear totally normal on physical 
examination, but present with multiple and recurrent 
fractures. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiographs are preferred as the initial study to evalu- 
ate children who have or may have OI. 

= Full-length radiographs of both legs on the same cassette 
from the hips to the ankles are ideal to assess areas of fractures 
and degree of deformity. 

=" Radiographs of the lower extremity should be performed 
with the patellas directly anterior and also with the legs max- 
imally externally rotated. This helps assess the severity of the 
disease, can help predict risk of fracture, and is useful in 
preoperative planning for osteotomies and instrumentation 
(FIG 2), 

=" Standardized posteroanterior (PA) and lateral spine radio- 
graphs demonstrate spinal fractures, scoliosis and spondylolysis, 
and spondylolisthesis. 

=" Bone density (dual x-ray absorptiometry [DEXA]) scans, al- 
though not perfect, can be useful in monitoring changes in 
bone density, using age-matched Z-scores and consistently 
using the same techniques and machine type. The DEXA scan 
alone, however, cannot be used for diagnosis, especially in in- 
fants, for whom no standardized validated Z-scores have been 
established. 

= The child’s clinical course with regard to incidence of frac- 
ture and pain is a much more reliable indicator of successful 
medical treatment than a specific Z-score. 





FIG 2 © Typical bowing deformity of the femurs and tibias 
caused by pre-existing deformity and recurrent fractures, accen- 
tuated by the pull of the flexors, including the hamstrings and 
gastrocnemius-soleus complex. Note sclerosis in the medullary 
canal of the right tibia. 


DIFFERENTIAL DIAGNOSIS 


= Child abuse 

=" Metabolic bone disease (eg, hypo- and hyperphosphatasia, 
rickets) 

= Idiopathic juvenile osteoporosis 


NONOPERATIVE MANAGEMENT 


= Early diagnosis and treatment with bisphosphonates has sig- 
nificantly improved the lives of children with OI. This treat- 
ment positively alters the mechanical properties of their bones, 
decreases their fracture rate and pain, and enhances their 
psychomotor development.** 

= This improvement in bone density and strength often allows 
them to function at levels that previously were not possible by 
decreasing their bone fragility and pain.*>'°"!° 

= Surgical treatment for these children is now possible, whereas 
previously in many cases no surgical options existed because of 
the severity of their bone disease. 

= It has been suggested that treatment with pamidronate may 
be related to delayed healing of osteotomies—but not 
fractures—in children with OI.'°'® 

= It remains unclear whether the incidence of delayed healing 
will decrease with lower doses of pamidronate.*' 

= Casting, splinting, and bracing for many children with OI 
should be short-term temporizing measures only, because resid- 
ual deformities will not remodel, and osteoporosis is worsened 
by prolonged immobilization. 


SURGICAL MANAGEMENT 


=" Intramedullary fixation of long bones in children with 
OI required extensive soft tissue disruption with traditional 
techniques.*° 

= Insertion of telescoping and nontelescoping rods still re- 
quires extensive exposure and arthrotomies for insertion, and 
the reoperation rate is high.?>:°:7:75:*? 

=" Improved surgical treatment has been made possible by the 
development of percutaneous techniques,'**”**’ as well as mod- 
ification of existing nails and development of new nails for fix- 
ation, both telescoping’***!'!2*” and nontelescoping.”*11+!*7?-78 


Principles of Surgical Treatment 


= Primary indications for surgical treatment include recurrent 
fractures, pain, and deformity. 
" These approaches should be considered as children begin 
attempting to stand or crawl. 
" There is no advantage to waiting until the child is older. 
" Surgical treatment should be considered in acute fracture 
with deformity, even with less severe OI (FIG 3A,B). 
=" Correct deformity and axial alignment. 
" Residual bowing does not correct with growth and pre- 
dictably leads to further fracture. 
= As many involved, symptomatic bones should be corrected 
at one setting as can be safely accomplished. 
=" Minimize soft tissue dissection and trauma. 
" Percutaneous technique provides more stability, less scar- 
ring, and earlier healing. 
=" Minimize immobilization. 
= Light splints only 
" Early weight bearing and motion as symptoms allow 
" The role of bracing for long bones is not proven, and 
bracing may inhibit function. 
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FIG 3 e A,B. Plating of the proximal femur in a young child with progressive bowing pain and recurrent fractures at the 
end of the plate. C. An 8-year-old child treated with an adult nail with lateral migration distally, coxa vara, and proximal 
growth inhibition. D. The same child treated with the Fassier-Duval nail and valgus osteotomy 6 months postoperatively. 


=" Use telescoping intramedullary devices whenever possible. 
" Use relatively small, flexible nails to share stress. 
" Rigid nails may lead to disappearing bone (FIG 3C,D), 
" Do not remove nails electively. 
= Plating predictably leads to stress reaction. 
=" Indications in forearm are more limited. 
" Fixation in the forearm is less predictable, and has higher 
risks and rate of complications. 
" Instrumentation and bone quality are not optimal. 


Reamers 


Male nail 


drivers 
Driver handle 


Screw drivers 


Osteotome 


Pega Medical 
male rod cutter 


Long guide 
wires 





A Probes Rod pushers 


" Such fixation should be considered only when comfort, 
motion, and function are significantly limited by deformity. 


Preoperative Planning 


= The keys to surgical success are careful selection of children 
with adequate bone strength and density, and availability of 
an experienced team and appropriate equipment (FIG 4A), 

=" Templates must be used to ensure that every appropriate 
size and type of device is available (FIG 4B). 


IMPLANT SIZES 


3.2mm 


IMPLANT SIZES 


4.0mm 


4.8mm 


IMPLANT SIZES 


5.6mm 


IMPLANT SIZES 


6.4mm 





FIG 4° A. Fassier-Duval instrumentation tray. B. Templates for Fassier-Duval nail. (B: Courtesy of Pega Medical, Inc, Montreal, Canada.) 


mH 262 


Section Ill RECONSTRUCTION 





FIG 5 e Common severe anterior and lateral femoral bowing. 


=" Radiographs can be used to estimate length and diameter of 
nails as well as to determine osteotomy sites (FIG 5). 


Measuring the Fassier-Duval Nail 


=" The distance from the greater trochanter to the distal 
femoral physis can be used to estimate the length of the female 
nail, 
=" The female nail should be approximately 1 cm shorter than 
this distance. 
" Digital software and templates to determine length and 
diameter of the nails are available. 
= Angular correction can also be estimated on digital radi- 
ographs, but they can be deceiving because of the multiplanar 
nature of the angulation. 
= The female nail can be cut preoperatively, but I prefer to cut 
the female nail intraoperatively, after the osteotomies are 
completed. 
Positioning 
=" For fractures and deformities of the tibia and femur, the 
patient is placed in the semilateral position with an axillary 
roll and a long, padded posterior roll near the edge of the 
radiolucent table. 
= The leg can be gently rotated from the anteroposterior (AP) 
to the lateral position with the C-arm positioned on the 
opposite side of the table (FIG 6), 
=" Only one leg can be prepped at a time especially if both the 
femur and tibia are being treated at the same surgical setting. 
= Bilateral tibial surgery can be done supine, but not femoral 
surgery. 





FIG 6 e Positioning for lower extremity surgery. 


Approach 


=" For the femur, a 1.5-cm vertical incision is made, starting at 
the tip of the greater trochanter and extending proximally 
(FIG 7A). 

=" The fascia of the abductors is then incised, exposing the 
white greater trochanter (FIG 7B). 

=" The tibia is approached through a medial peripatellar 
incision, bluntly dissecting behind the patellar tendon when 
possible without disrupting the synovium. If necessary, an 
arthrotomy can be used to expose the starting point for the 
tibial nail just anterior to the tibial spines. 

=" The humerus is approached through a small deltoid-splitting 
incision to expose the greater tuberosity. 





FIG 7 © A. 1.5-cm incision proximal to the greater trochanter. 
B. Greater trochanter exposed. 
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APPROACHES TO OSTEOGENESIS IMPERFECTA 


Percutaneous Osteotomy With 
Intramedullary Telescoping Fassier- 
Duval Nail 


The percutaneous technique described in this section is 

as described by Fassier and Duval’*'” with only minor 

technical variations. 

The open technique, which is not described in this chapter, 

is performed the same way, with the following exceptions: 

= A larger incision at the osteotomy or fracture site 

= Retrograde guidewire placement and reaming of the 
proximal fragment 

= Passing the wire into the distal femur under direct 
vision 


Guidewire Placement and Osteotomies in 
the Femur 








Short and long guidewires are available, depending on 

the length of the femur. 

Ideally, the tip of the guidewire is placed just medial to 

the center of the greater trochanter. 

= It may be difficult to visualize the greater trochanter in 
small children with poor bone density, and the inser- 
tion point may be necessarily in the piriformis fossa to 
avoid overreaming of the lateral cortex and to allow a 
straight line of advance to the femoral canal. 

= Avascular necrosis has not been demonstrated in chil- 
dren in whom this technique has been used. 

=" The relation between the entrance point and use of 





the nail and the development of coxa vara is not 
clearly defined at this point' (TECH FIG 1A). 

The wire is then advanced to the first osteotomy site. 

=" In many cases it is necessary to angle the wire 
markedly, both anteriorly and laterally, at first be- 
cause of the very common severe anterior and lateral 
bowing of the femur in the subtrochanteric region. 

Osteotomy sites are marked on the skin after visualiza- 

tion with the C-arm, based on preoperative templating 

and intraoperative visualization (TECH FIG 1B). 

A 1-cm incision is made directly over the anterior lateral 

apex of the deformity. 

Blunt dissection then is performed with a hemostat 

down to the periosteum (TECH FIG 1C). 

The periosteum is incised longitudinally with a small os- 

teotome, which is then rotated 90 degrees (TECH FIG 1D). 

= An incomplete osteotomy is performed while stability 
of the leg is maintained manually. The osteotomy is 
completed with gentle manual pressure, the guidewire 
is extended to the next osteotomy site, and the process 
is continued until all deformities are corrected. 

The guidewire is then passed into the distal femur 

(TECH FIG 1E). 

= Use of alonger guidewire can help to avoid capturing 
the guidewire in the reamer. 

=" A subtle flexion deformity often is present distally, in 
both the femur and tibia, that is not always apparent 
on the preoperative radiographs and that will cause 
the nail to go too far anteriorly. 





TECH FIG 1 « A. Guidewire placed 
through the greater trochanter to the 
site of the first osteotomy. B. 
Localization for osteotomy. Reaming 
can be done at the site of the os- 
teotomy to stabilize the proximal seg- 
ment. C. A 1-cm incision is made over 
the apex of the osteotomy, and the 
soft tissues are spread to the perios- 
teum. D. The osteotome is rotated 
and the osteotomy completed. Gentle 
manual traction and use of a lever 
such as a padded mallet will help to 
gently align and complete the os- 
teotomy site. E. Guidewire in the dis- 
tal femur. 
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Reaming and Placement of the Male Nail 


The reamers are 0.25 to 0.35 mm larger than the corre- 

sponding nails. 

The canal is reamed over the guidewire down to the dis- 

tal femoral metaphysis, approximately 1 cm proximal to 

the physis in the center-center position on both AP and 

lateral radiographs (TECH FIG 2A). 

The guidewire is removed to insert the male nail driver 

and nail after verifying the distal male nail thread 

length, while maintaining traction manually. 

=" Avoid bending the rod and driver, to prevent 
impingement and damage to the nail. 

=" The nail and driver cannot be used to forcefully ma- 
nipulate the osteotomy or fracture site. 

The nail and driver are passed to the center-center 

position in the distal metaphysis (TECH FIG 2B,C). 

= If the male nail requires redirection, it should be 
retracted slowly, while maintaining a gentle counter- 
clockwise screwing motion to prevent dislodgment of 
the driver from the wing of the nail, which is not 
locked in the male nail driver (TECH FIG 2D). 

= On occasion, it may be necessary to remove the male 
nail and repeat the process. 

Varus and valgus malalignment can be corrected with a 

distal osteotomy and correct placement of the nail in the 

center-center position in the distal femur. 

Correct positioning is checked using AP and lateral views 

with the C-arm just before passing the male nail across 

the center-center position of the physis. 

The threads are gently screwed into the epiphysis until the 

rounded portion of the rod located just proximal to the 

threads is bridging the physis. 


Dk 


= Multiple transgressions of the physis are to be 
avoided. 
= The rod pusher is then placed into the cannulated por- 
tion of the male nail driver, and a sharp backward blow 
is made on theT handle. The C-arm verifies that the male 
nail is still engaged in the epiphysis (TECH FIG 2E). 


Cutting and Insertion of the Female Nail 


= To measure the length of the female rod intraopera- 
tively, it is placed with the threaded portion just at the 
top of the ossified greater trochanter with C-arm verifi- 
cation using a metal marking device distally approxi- 
mately 1 cm above the physis (TECH FIG 3A). 

= The appropriate length of the female nail is verified with 
the C-arm, as previously discussed. 
=" The female nail is covered with K-Y Jelly Vohnson & 

Johnson, New Brunswick, NJ) then cut with a diamond- 
tip burr and cooled with sterile saline. 

= The cannulated portion must be checked to ensure that 
no metal will impinge on the male nail to prevent it from 
lengthening and that any metal shards are rinsed off 
(TECH FIG 3B,C). 

= — The male nail driver is then removed, and the female nail 
is placed over the male nail. 

= The female nail is then screwed into the greater 
trochanter with the T-handle screwdriver until just a few 
threads are engaging the bony portion of the greater 
trochanter, and the upper part of the female nail is just 
palpable above the greater trochanter (TECH FIG 3D). 

= If the female nail is too shallow, it will back out, but if it 
is too deep, it is more likely to become overgrown and 
ultimately reside in the femoral canal. 





TECH FIG 2 « A. The guidewire and reamer must be extended to the distal metaphysis in the central position on both the AP 
and lateral planes. The reamer can easily bind on the guidewire and be pushed distally. B,C. The male nail is then inserted to 
the center-center position at the distal metaphysis. At this point, valgus, varus, and distal flexion can be corrected. D. The 
male nail is not locked in the driver. E. Disengaging the male rod driver. 
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TECH FIG 3 e A. Measuring the female rod. B,C. Intraoperative cutting and trimming of the female nail. D. The 
female threads are shown just barely engaging the bones of the greater trochanter to mitigate overgrowth of the 
trochanter. E,F. Distal placement of the male nail driver and nail in the center-center position is mandatory. The 
threads engage the epiphysis of the distal femur, with the rounded, smooth portion traversing the physis. 


The female nail is checked distally to be sure there is 
some space between its distal end and the wing of the 
male nail, to ensure that the male nail is not driven dis- 
tally into the joint either acutely or with impaction of the 
osteotomy with weight bearing (TECH FIG 3E,F). 

The male nail can be cut either with a front-biting heavy 
wire cutter or with the male nail cutters in the FD set. 
Cutting the male nail approximately 1 cm above the top 
of the female nail rarely causes persistent symptoms and 
allows for more growth. 

The probe is used to ensure that the cut male nail is 
smooth and not bent, which would prevent telescoping. 
Occasionally, the diamond-tipped burr may be necessary 
to smooth the end of the male nail, but the soft tissues 
must be protected from debris and injury. 


Coxa Vara 


If true coxa vara is present, it should be corrected at the 
same sitting by combining this femoral nail technique 
with the valgus osteotomy described by Fassier and 
Glorieux® (TECH FIG 4). 


Revision 


When a rod system requires revision after maximal tele- 
scoping, it usually can be retrieved through just a proxi- 
mal incision. 

A guidewire is placed in the greater trochanter and into 
the cannulated portion of the female nail under fluoro- 
scopic control. 

Specialized female and male retrievers, as shown, allow 
for intramedullary retrieval (TECH FIG 5). 





TECH FIG 4 e Valgus osteotomy in conjunction with Fassier- 
Duval nailing to correct coxa vara. The lateral cortex is placed 
in the canal. 
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TECH FIG 5 « A. Female rod retriever. B. Male nail rod re- 
triever. (Courtesy of Pega Medical, Inc, Montreal, Canada.) 


Open osteotomy, cutting the rod and removing the seg- 
ments, may be necessary to retrieve a broken or bent nail 
or one that has migrated laterally and distally. The male 
nail also may be retrieved with an arthroscopic alligator 
clamp after the female nail is removed. 


Tibial Technique 


Nails from the small-bone set are used. These have 
a somewhat shorter female-threaded portion to avoid 
extension of the threads across the proximal tibial 
epiphysis. 

Injury to the anterior horn of the medial meniscus is 
avoided with arthrotomy if necessary. 





A 0.62-inch K-wire or awl is placed just lateral to the an- 
terior horn of the medial meniscus, and just anterior to 
the tibial spine in the non-weight-bearing surface. A soft 
tissue protector is helpful in directing the guidewire. 
= This usually places the wire in the midportion of the 
tibial epiphysis on the AP view and at the junction of 
the anterior and middle thirds on the lateral view. 
With the knee kept flexed in excess of 90 degrees, the 
guidewire is passed into the center position of the prox- 
imal metaphysis and shaft. 
= Typically, the wire tends to go posteriorly and later- 
ally so that the wire driver must be directed anteriorly 
and usually slightly medially. 
= Alternatively, the wire can be manually pushed into 
the epiphysis if this provides better control and visu- 
alization with the C-arm. 
Avoid repetitive injury to the physis by checking the di- 
rection of the wire with the C-arm while it is still in the 
proximal tibial epiphysis. The guide pin can be advanced 
either with manual pressure on the pin or using a drill. 
While maintaining hip and knee flexion, the lateral radi- 
ograph can be done by simply abducting and externally 
rotating the leg. 
The guidewire is drilled down to the site of the first os- 
teotomy, which often is the mid- to distal portion of the 
shaft of the tibia, although bowing of the proximal tibia 
also may be present. 
To perform the tibial osteotomy, a 1.5-cm incision is made. 
The periosteum is visualized and partially elevated. 
Multiple osteotomies may be necessary (TECH FIG 6A). 
A pure closed technique is more hazardous in the tibia. 
= When the medullary canal is obliterated by recurrent 
fracture and bowing, retrograde drilling is required 
to establish a medullary canal at the osteotomy site. 





TECH FIG 6 « A. Incisions to cor- 
rect multiple tibial deformities. 
B,C. Correct placement of the 
distal male nail after complete 
correction of anterolateral bow- 
ing. D,E. Correct proximal tibial 
nail placement. 
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The guidewire is then passed beyond the osteotomy. 

= Ideally, the entrance point to the distal tibial epiph- 
ysis is slightly posterior on the lateral view and 
slightly lateral on the AP view. This helps to avoid the 
tendency to valgus and anterior cut-out. 

Closed osteoclysis of the fibula often can be performed 

with minimal force after the first osteotomy, especially in 

younger children, but open osteotomy may be necessary. 

The reamer is passed down to the distal metaphysis while 

maintaining the knee in flexion at all times. 

= Reaming should be done slowly, with frequent stops 
at the apex of the angular deformity. This bone typi- 
cally is quite dense in response to recurrent fractures. 

= Extending the knee while the reamer is in place can 
impinge and injure the femoral condyles. 

The male nail is either cut after determining the length 

with the C-arm before placement into the tibia, which is 

my preferred technique, or inserted, removed, and then 

cut after the appropriate length is determined (TECH 

FIG 6B,C). 

= There is asmall hole in the distal male nail to allow in- 
terlocking with a small wire, which is then bent over 
into the epiphysis. | have not used this technique and 
have concerns about migration and retrieval of the 
wire with growth. 

The female nail is cut to length in the same manner as 

for the femoral technique, and inserted until the 

threaded portion is fully seated into the epiphysis. 

= It usually is visible just a few millimeters deep to the 
articular cartilage, even when the C-arm suggests that 
it is protruding into the joint (TECH FIG 6D,E). 


= The male nail cannot be left protruding into the joint, 
because it will injure the trochlear cartilage. 


Humeral Nailing 


The deltoid is spread in line with its fibers through a 1.5- 
cm incision, and the greater tuberosity is exposed. 

The guidewire is drilled down into the shaft. 

Typically, the diaphyseal deformity involves the mid- to 
distal shaft of the humerus when the guidewire is passed 
to the apex of angular deformity. 

If a proximal deformity is present, an open or percuta- 
neous osteotomy can be considered. 

A distal anterolateral approach is used, and the radial 
nerve is identified and protected before the distal os- 
teotomy is done. 

The guidewires are then drilled down into the ossified 
capitellum after correction of the varus and anterior 
bowing. 

The canal is then reamed to the size of the female nail 
down to the distal metaphysis. 

The male nail is then placed down into the capitellum, 
which commonly leaves a slight amount of varus, which 
is well tolerated (TECH FIG 7A). 

In older children, the nail can be placed into the superior 
segment of the ossified central trochlea, which allows 
better correction of the distal varus. 

The small-bone female nail is used, cut to appropriate 
length before insertion. The upper end of the female 
nail should be deep to the articular cartilage to avoid im- 
pingement. This is verified by placing the shoulder 
through full range of motion (TECH FIG 7B-C). 















TECH FIG 7 ¢ A,B. AP and lat- 
eral male nail in capitellum. C. 
Female nail appears to be pro- 
truding but is actually deep to 
the articular cartilage and is not 
causing impingement. D. Two 
years postop. Note telescoping 
of nail. There is no clinical im- 
pingement. 
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PEARLS AND PITFALLS 





Multiple bone deformities 


= Multiple bones can be safely treated at the same setting in most children if an experi- 
enced team is available. 


= Transfusion may be necessary, especially if more than two bones are treated. Judicious use 
of tourniquets decreases the likelihood of transfusion. 


Postoperative immobilization 


® Lightweight fiberglass lateral or posterior splints for 3 weeks typically are adequate. 
Casting rarely is necessary. 


= Rotational control is present at 3 weeks. 
= External rotation is common in most of these children, and typically improves over 12 to 


24 months. 
Rod size 


= The smallest rods available are 3.2 mm in diameter. Children with smaller canals can be 


treated with K-wires or rush rods. 
= The length of the distal male nail threads also limits the ability to use these nails in some 


smaller children. 
Team approach 


= It is mandatory to work with experienced anesthesia, operating room, physical therapy, 


occupational therapy, dietetics, and metabolic and nursing teams to safely and effectively 


treat these children. 


= Blood pressure cuffs can be used for monitoring in many children treated with 
pamidronate if the pressure is set no higher than neonatal pressures. 

= Fiberoptic intubation rarely is necessary in treated children when the anesthesiologist is 
experienced, with surgeon stabilizing the head and neck. 


Pain management 


=# Adequate analgesia upon awakening is necessary to avoid flailing and fracture. 


= Treatment with Valium is significantly beneficial for spasm. 
= Many children have high narcotic requirements for a short period of time when multiple 
exposures have been done. 


POSTOPERATIVE CARE 


" Postoperative immobilization can be accomplished safely 
with lightweight radiolucent fiberglass wrapped under the foot 
to resist equinus and avoid heel pressure. 
= The splint can be extended up to the buttocks to support the 
femur, and loosely overwrapped with an elastic wrap. 
=" Rarely, a percutaneous tendo Achilles tenotomy will be 
required, 
= Floor activities can be increased whenever the child is com- 
fortable. 
=" Weight bearing can begin in water approximately 4 weeks 
after the osteotomies achieve early healing and rotational 
control. 
=" Gentle passive range of motion of the hips, knees, and an- 
kles can begin as soon as the child is comfortable. 
=" Hip, knee, ankle, and foot orthoses are a time-honored 
treatment and are used postoperatively in many centers. 
" Their effectiveness in avoiding recurrent fractures and de- 
formity has not been demonstrated, however, and we do not 
use them in our center. 
" Many of the children are significantly more mobile with- 
out these orthoses, and healing is not impaired. 
= I prefer to limit use of orthoses to only those children with 
significant soft tissue laxity in the feet such that support is re- 
quired for stability. 


OUTCOMES 


=" Improved comfort, a decreased rate of fracture, and an in- 
creased activity level are achieved in most children. 

=" Long-term monitoring of these patients and constant 
improvement in instrumentation are necessary to ensure 
optimal development, comfort, and function in this patient 
population. 


= Revisions are still necessary as the children outgrow or dam- 
age the rods, but the instrumentation allows for a less trau- 
matic experience for the patient and surgeon. 


COMPLICATIONS 


=" Complications include failure of telescoping of the rod, 
overgrowth of the greater trochanter, bending and breakage of 
the rods, as well as delayed union and nonunion. 

=" Treatment for symptomatic complications of the rod is 
revision. 

= Fractures can occur even with satisfactory alignment, but re- 
covery is typically rapid and requires short-term restriction of 
activities rather than long-term immobilization. 
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DEFINITION 


= Fibular deficiency, previously known as fibular hemimelia, 
is a longitudinal deficiency of the fibula. It is the most common 
long bone deficiency and may be either partial or complete. 
= A wide spectrum of associated anomalies also may be seen 
on the affected limb. The extent of limb shortening and the 
degree of foot deformity are the most important components 
that determine treatment. Treatment options include use of a 
shoe lift, amputation, and limb lengthening. 
=" Delayed amputation should be avoided whenever possible. 
Ideally, amputation is performed at 10-18 months of age when 
the child is beginning to pull to stand.’ Psychosocial adjustment 
to amputation and the adjustment to prosthetic wear are rapid 
at this age. 
= A common dilemma for parents and consulting physicians 
is an unwillingness to commit to a path of either multiple 
lengthenings or early amputation. It is generally agreed, how- 
ever, that the least effective approach to fibular deficiency is 
“let’s try lengthening and if it fails, do an amputation.” 
= The Syme amputation and the Boyd amputation are the two 
common amputations performed for fibular deficiency. 
=" The Syme amputation is an ankle disarticulation that pre- 
serves the heel pad as a weight-bearing surface. This procedure 
provides better energy efficiency than a transtibial amputation, 





Syme and Boyd Amputations 
for Fibular Deficiency 


ee ee ee ee eee eee eee ee > 
Anthony A. Scaduto and Robert M. Bernstein 


may be self-suspending, allows weight bearing on the stump 

without the use of a prosthesis, and is cartilage capped, pre- 

venting terminal overgrowth. 

=" The Boyd amputation is a modified ankle disarticulation in 

which the calcaneus is preserved with the heel pad and fused 

to the distal tibia. 

= The best indications for an amputation are a large leg-length 

discrepancy (ie, a difference of more than 30%) at skeletal 

maturity and a nonfunctional foot. 

= The ideal candidate for lengthening has a smaller expected 

leg-length discrepancy (less than 10%), a stable ankle, and a 

fully functional foot. 
= Because both amputation and multiple lengthenings have 
significant consequences, care must be individualized. This 
is especially important for patients with leg-length discrep- 
ancies between 10% and 30%, for which both amputation 
and lengthening have been shown to be effective with excel- 
lent functional outcomes. 


ANATOMY 


=" Fibular deficiency is best considered an abnormality that 
affects the entire limb, not just the fibula (FIG 1A), 

=" The appearance of the leg can vary from nearly normal to 
severely deformed (FIG 1B). 





Grade Ill 


FIG 1° A. Clinical appearance of limb with fibular deficiency. B. Spectrum of fibular deficiency. 


270 


Chapter 38 SYME AND BOYD AMPUTATIONS FOR FIBULAR DEFICIENCY 


= Potential ipsilateral deformities associated with fibular defi- 
ciency are as follows: 
" Femur: mild femoral shortening, femoral retroversion, 
lateral femoral hypoplasia 
" Knee: cruciate ligament deficiency, valgus alignment, 
patella-femoral instability 
" Tibia: shortening, anteromedial diaphyseal bowing 
" Ankle: ankle valgus, absent lateral malleolus, ball-and- 
socket ankle 
" Foot: absent tarsal bones, tarsal coalitions, absence of one 
or more lateral rays 
=" The amount of fibula present does not aid treatment plan- 
ning. For example, some patients with complete fibular absence 
have minimal leg-length inequality and foot deformity. 
= An understanding of the anatomy of the ankle and heel 
is necessary to perform either the Syme or Boyd amputation 
procedure. 
= The posterior tibial nerve and artery course posterior to 
the medial malleolus and split into the medial and lateral 
plantar nerves. These structures must be protected for the 
heel pad to maintain its sensation and viability. 


PATHOGENESIS 


= Unlike tibial deficiency, fibular deficiency occurs sporadically 
with no inheritance pattern. 

=" No genetic defect has been identified, and no common 
teratogen is linked to fibular deficiency. 

=" Major limb malformations associated with fibular deficiency 
occur by the 7th week of fetal development. 


NATURAL HISTORY 


=" Without surgical intervention, the growth of the abnormal 

limb remains proportional to the normal side. Therefore, a 

final leg-length discrepancy is predictable. 
" For example, if the short leg is 85% the length of the long 
side at age 2 years, the length of the short side at maturity 
also will be 85% of the estimated length of the long side at 
maturity. 

= Tibial bowing is present in most cases of complete absence 

of the fibula. In some cases this bowing will improve with age. 
" Unlike anterolateral bowing of the tibia, bowing associ- 
ated with fibular deficiency does not increase the risk of 
fracture or pseudarthrosis. 

=" Knee valgus commonly worsens through childhood. It may 

require surgical treatment when prosthetic modifications are 

inadequate to compensate for the deformity. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Classically, the limb is short, with an equinovalgus foot and 
skin dimpling over the mid-anterior tibia. 

= Because presentation varies widely, an examination to assess 
length, alignment, and function is critical to treatment. 

=" Hip range of motion: a common finding is limited inter- 
nal rotation (less than 20 to 60 degrees), indicating femoral 
retroversion. 

=" Leg-length assessment: there should be minimal shortening 
of the thigh. Otherwise, consider proximal femoral focal defi- 
ciency. Small leg-length discrepancies can be corrected with a 
shoe lift or lengthening. 

=" Lachman’s test: severe anterior/posterior laxity increases the 
risk of subluxation during lengthening. 
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=" Valgus alignment and stability: small angulation is accom- 
modated through prosthetic adjustment, but larger angulation 
requires correction. 

= Tibial bowing requires prosthetic adjustments or correction. 
= Ankle alignment and stability: amputation is preferred over 
lengthening when severe subluxation or instability exists. 

=" Hindfoot mobility: suspect tarsal coalition if subtalar motion 
is reduced. 

=" Ray deficiency (number of missing rays): amputation is 
indicated when the foot is nonfunctional. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Anteroposterior (AP) and lateral radiographs of the leg 
(including the distal femur) should be obtained. 
= Absence of the anterior cruciate ligament and hypoplasia 
of the lateral femoral condyle with a valgus joint alignment 
are common (FIG 2A,B). 
" The amount of anterior bowing (tibial kyphosis) also can 
be assessed (FIG 2C). 
= Additional radiographs of the affected limb (ie, femur, ankle, 
and foot) are obtained as necessary (FIG 2D). 
=" A full-length standing radiograph from hips to ankles 
should be obtained to check alignment in those children able 
to stand (FIG 2E). 
= A scanogram and bone age should be obtained to determine 
the expected leg-length discrepancy at maturity. 
" The desired limb-length difference at maturity should be 
at least 3.5 cm to accommodate the height of the prosthetic 
foot. Epiphysiodesis may be necessary to achieve this and 
should be planned appropriately. 
= An ankle and foot series should be obtained when abnormal 
position or motion is present at the ankle or subtalar joint or 
when lateral rays are absent. These views may reveal a ball- 
and-socket ankle (FIG 2F), tarsal coalitions, or absent or hy- 
poplastic tarsal bones (FIG 2G). 


DIFFERENTIAL DIAGNOSIS 


=" Proximal femoral focal deficiency 
= Tibial deficiency 
= Tibial dysplasia 


NONOPERATIVE MANAGEMENT 


= If the leg-length discrepancy is small, the ankle is stable, and 
the foot is plantigrade, a shoe insert or lift may be all that is 
required, 

=" When amputation or lengthening is needed but must be 
deferred, an atypical prosthesis that accommodates the foot 
position can be used. 


SURGICAL MANAGEMENT 
Syme Amputation 


=" Meticulous care is needed to preserve the posterior tibial 
nerve and vessels to maintain a sensate stump. 

= Care should be taken not to leave any cartilage remnants of 
the calcaneus during resection. 

= The malleoli should not be resected in children. 

= The heel pad may be proximal to the ankle joint and can 
be difficult to bring distally, even after sectioning the Achilles 
tendon. 
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FIG 2 © A,B. AP and lateral radiographs of a 
child with fibular absence, hypoplasia of the 
lateral femoral condyle, and anterior cruci- 
ate deficiency. C. Anterior bow of the tibia. 
D. AP radiograph of the same patient’s 
foot, revealing severe equinovarus defor- 
mity and talocalcaneal fusion. E. Standing 
AP radiograph of a child with proximal 
femoral focal deficiency revealing a sub- 
stantial leg-length discrepancy and abduc- 
tion of the affected limb. F. Ball-and-socket 
ankle. G. Nonfunctional foot with hypoplas- 
tic tarsal bones, tarsal coalition, and absent 
rays. (E: Courtesy of Hugh Watts, MD.) 





=" The Pirogoff modification maintains a portion of the calca- " The pin necessary for tibial-calcaneal fixation also can be 
neus, which is fused to the distal tibia to better fix the heel pad. used to stabilize the mid-tibia osteotomy when bowing of 
" Because in young children the distal tibial physis must be the tibia is corrected simultaneously. 
resected to obtain fusion of the calcaneus to the tibia, this is = Disadvantages 
really a modification of the Boyd amputation, since distal " Delays prosthesis fitting by several weeks while awaiting 
growth of the tibia will be lost. fusion 


= Advantages 
= Simple technique 
" Rapid prosthetic fitting 
" The stump is shorter and often tapered, which improves 
cosmesis (but also may inhibit end-bearing) 
= Disadvantages 
= Heel pad migration (FIG 3) 
" Less end-bearing potential 


Boyd Amputation 


= Advantages 
" Maintains maximum length of limb 
" Eliminates heel pad migration 
" Flare at the end of the stump improves prosthetic 
suspension 
=" Maximizes end-bearing potential. This may be especially 
important if it preserves end-bearing without a prosthesis 
(eg, not having to put on a prosthesis to go from the bed to 
the bathroom). FIG 3 ° Posterior heel pad migration after Syme amputation. 
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= Excess length may leave less room for energy-storing 
prosthetic foot options, and the bulbous end may be diffi- 
cult to hide if it is at the level of the opposite ankle. 


Preoperative Planning 
Syme Amputation 


=" In patients where the tibial length at skeletal maturity is 
expected to be equal to that of the opposite side, a Boyd 
amputation or timed epiphysiodesis should be considered to 
accommodate the height of the prosthetic foot to achieve equal 
limb lengths at maturity. 

= It usually is not necessary to correct mild bowing (less than 
30 degrees) of the tibia in a congenital deficiency in a skeletally 
immature patient. Bowing of more than 30 degrees should be 
addressed with osteotomy at the time of amputation. 


Boyd Amputation 


= If anterior tibial bowing is present, it is best to correct it at 
the same time as the Boyd amputation. 
=" The tarsal bones and distal tibia epiphysis are primarily 
cartilaginous in infancy. 
" If a Boyd amputation is performed early, it will be neces- 
sary to resect a significant portion of the superior calcaneus 
and distal tibia to achieve bone—bone contact for fusion. 
= If maximum length of the tibia is a goal of treatment (eg, to 
allow occasional end-bearing on the stump end without a 
prosthesis), consider waiting until the distal tibia epiphysis is 
ossified adequately to avoid resecting the distal physis. 
= Some authors have suggested that routine resection of the 
distal tibia physis should be performed. 
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= They observed that most children stop walking around the 
house without a prosthesis in early adolescence and that ide- 
ally the short limb should end in the middle fifth of the shank 
segment of the prosthesis to optimize cosmesis and allow room 
for a dynamic-response foot-and-ankle unit.” 


Positioning 
= The patient is positioned supine with a small bump under 
the greater trochanter. A tourniquet is placed around the 
upper thigh. 


= Access to the entire leg from knee to toes is important 
(FIG 4), 





FIG 4 e Intraoperative photos of patient position with tourni- 
quet applied above the thigh. (Courtesy of Hugh Watts, MD.) 





AMPUTATIONS FOR FIBULAR DEFICIENCY 


The anterior ankle joint is opened, and the deltoid and 
tibiofibular ligaments are cut sharply, with care not to 
injure the posterior tibial nerve and artery coursing 
behind the medial malleolus. 


Syme Amputation : 
Incisions 


= The dorsal incision is made at the tip of the lateral 
malleolus (or where it should be) across the ankle jointto a 
end about 1 cm below the tip of the medial malleolus. 
=" In children with congenital fibular absence, the lat- 
eral malleolus is not present, and the end of the first 
incision must be approximated. 
= The Achilles tendon (often very tight in patients with 
congenital fibular absence) can be released through a 
separate, percutaneous incision posteriorly to improve 
exposure. 
= The plantar incision is made at the midportion of the 
metatarsals and carried proximally up the medial and 
lateral sides of the foot to meet the anterior incision 
(TECH FIG 1). 
= The plantar incision can be cut directly down to bone, 
with care to be sure that the knife blade remains 
perpendicular to the skin. Vessels are ligated or 


The foot is further plantarflexed to expose the posterior 
ankle joint, which is released, exposing the posterior 
calcaneus and the Achilles tendon. 
= A bone hook or sharp retractor can be used to pull on 
the talus distally as the posterior joint is opened 
(TECH FIG 2B). 
= The calcaneus is now released from the heel pad extrape- 
riosteally. Care is taken not to separate the calcaneal 
apophysis from the body of the calcaneus. 
= The Achilles tendon is now sectioned. 
= In very tight equinus, the Achilles can be released 
through a percutaneous incision posteriorly. 
= Once the tendon is easy to visualize, a 1-cm section 
of the tendon should be removed to prevent late 
migration of the heel pad. 


cauterized. = The tourniquet is deflated, and perfusion of the heel 
pad is checked and bleeding is controlled (TECH FIG 2C). 
Amputation = The distal tibial cartilage and malleoli are left intact. 


= The foot is now plantarflexed (TECH FIG 2A). The 
anterior incision is deepened down to bone, again 
keeping the knife perpendicular to the skin. 


= A Steinmann pin or Rush rod may be inserted through 
the heel pad into the distal tibia to affix the heel pad 
to the distal tibia (TECH FIG 2D). 
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Anterior 
incision 


Medial 
Lateral malleolus 


malleolus 








Distal 
INCISION 
A 
TECH FIG 1 « A. Incisions for the Syme amputation. 
B. Medial incision and identification of the posterior 
B | tibial artery and nerve. (B: Courtesy of Hugh Watts, MD.) 
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TECH FIG 2 « A. The foot is plantarflexed while the dorsal incision is completed. B. A retractor 
is placed in the talus to expose the posterior capsule and Achilles tendon. C. Intraoperative 
photograph after deflation of the tourniquet, illustrating a well-perfused heel pad. D. Stump 
closure with interrupted absorbable sutures after insertion of a Steinmann pin to stabilize the 
heel pad. (Courtesy of Hugh Watts, MD.) 
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TECH FIG 3 e A,B. The dorsal and volar parts to the fish-mouth incision meet medially and laterally just 
distal to the malleoli. C. The plantar incision crosses the foot just distal to the heel pad. 





TECH FIG 4 « A. The plantar incision is carried down to the bone. B. Dorsal structures are transected with 
the foot in plantar flexion. C. Use the forefoot to control the hindfoot. D,E. Release the deltoid and lateral 
capsule. F,G. Carefully divide the posterior capsule and remove the talus. H,I. Sometimes the talus is small and 
irregularly shaped, as seen in this case, in which the L-shaped talus hooked around the back of the distal tibia. 
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Closure is done over a drain using interrupted sutures. 

= In young children, an absorbable suture is used to 
avoid later removal. 

An antibiotic-impregnated gauze is applied followed by 

fluffs and Webril. 


Boyd Amputation 
Incision and Dissection 


A fish-mouth incision is made (TECH FIG 3). 

=" The plantar incision crosses the foot where the heel 
pad ends. 

=" The dorsal incision crosses the foot at the level of the 
ankle joint. 

= The incisions meet medially about 1 cm distal to the 
medial malleolus and laterally in a similar location (the 
lateral malleolus often is absent in fibular deficiency). 


Midfoot and Forefoot Removal 


It is unnecessary to dissect layer by layer on the plantar 

side. Instead, sharply deepen the plantar incision down 

to the level of the bone (TECH FIG 4A). 

= Vessels can be ligated or cauterized (depending on 
their size) as they are cut or after the tourniquet is 
deflated before closure. 

While maximally plantarflexing the foot, transect the 

dorsal nerves and extensor tendons, which retract proxi- 

mal to the incision (TECH FIG 4B). 

Do not remove the midfoot and forefoot at this time. 

They can serve as a handle to control the hindfoot 

when releasing the tibiotalar capsule and ligaments 

(TECH FIG 4C). 

Expose the tibiotalar joint by releasing the anterior 

capsule and then release the deltoid ligament medially 


and the talofibular ligament with the lateral capsule 

(TECH FIG 4D,E). 

= Use care to preserve the posterior tibial artery and 
vein while dividing the posterior ankle capsule. 

= A bone hook or skin rake on the talar dome will help 
expose the posterior tibiotalar capsule and Achilles 
tendon. 

Identify the flexor hallucis tendon and protect the 

neurovascular bundle that lies just medial to the tendon 

(TECH FIG 4F). 

Remove the talus after cutting through the talocalcaneal 

ligaments (TECH FIG 4G). 

=" Removing the talus may be more difficult in the 
very young child, in whom the talus is primarily 
cartilaginous, or when it has an irregular shape 
(TECH FIG 4D,E). 

The midfoot and forefoot are now removed. 


Completing the Amputation 


Use an oscillating saw (or, in very young children, a knife) 
to remove the anterior process of the calcaneus and 
enough of the superior articular surface to expose can- 
cellous bone (TECH FIG 5A-C). 

Cut the distal tibia (TECH FIG 5D). 

Oppose the cancellous bone surfaces and stabilize with a 
retrograde K-wire placed through the heel pad and 
across the tibiocalcaneal surfaces (TECH FIG 5E,F). 


Correction of Tibial Bowing 


Make a longitudinal anterior incision at the apex of the 
bowing. 

Expose the tibia subperiosteally and place Chandler or 
Hohmann retractors to protect the soft tissues. 





D 





E 








F 


TECH FIG 5 e A-C. Prepare the calcaneus by cutting the anterior and dorsal surfaces. D-F. Stabilize the calcaneus to the end 
of the tibia with a smooth K-wire. 
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= The superior cut is made perpendicular to the long axis 
of the proximal tibia, whereas the distal cut is perpendic- 
ular to the long axis of the distal tibia, creating a bone 
wedge with its widest portion located anteromedially 
(TECH FIG 6A). 





The Steinmann pin used to stabilize the calcaneus as part 

of the Boyd amputation can be extended further into 

the proximal tibia fragment to simultaneously stabilize 

the osteotomy site. 

™ Consider using a threaded pin if fixation is inade- 
quate with a smooth pin (TECH FIG 6B). 


TECH FIG 6 e A. A saw is used to remove a wedge of bone to 
correct the anteromedial bow of the tibia. B. A retrograde pin 
stabilizes calcaneus to distal tibia and the mid-tibia osteotomy. 





PEARLS AND PITFALLS 





Calcaneus excision (Syme) = Remove the calcaneus extraperiosteally. This requires careful dissection but decreases the chance 
of reformation of the calcaneus. Any residual calcaneal cartilage left will result in painful pebbles 


of bone in the heel pad. 


Tibial bowing (kyphosis) = Correct at the time of amputation if greater than 30 degrees, and fix with the transfixing 


Steinmann pin or Rush rod. 


Achilles tenotomy = The Achilles tendon often is contracted and may make exposure of the calcaneus difficult. 
A percutaneous release posteriorly with a small tenotomy knife may make exposure easier 


without compromising the flap. 


Talus excision (Boyd) = Carefully assess the position and shape of the talus and calcaneus to ensure abnormalities of the 
talus and calcaneus are known in advance. 
= In rare cases, a Boyd amputation will not be possible because of the severe posterior and proximal 
position of the calcaneus. If so, perform Syme amputation. 


Tibiocalcaneal fusion = Carefully ensure that cancellous bone is evident on both the distal end of the tibia and the 


superior surface of the calcaneus. 


Skin closure = The distal extent of the heel pad is difficult to identify in children who are not yet walking. 
Be sure the plantar part of the incision is distal enough to allow closure without tension. 
= Cut the anterior process of the calcaneus to reduce the anterior prominence and skin tension. 


Angular deformities of leg ® Correct tibial deformity early to facilitate prosthetic fitting. 
= Correct progressive genu valgum late (ie, in adolescence). 


POSTOPERATIVE CARE 


=" Apply a long-leg cast with the knee flexed 90 degrees to 
prevent pin migration and keep the cast from slipping off. 
= Postoperatively, the patient’s leg is elevated for 24 hours. 

" The child should be non-weight bearing. 
= The cast and pin are removed in the office at 4 to 6 weeks, 
and, in the Boyd amputation, after radiographic healing is 
evident (FIG 5A). 
= A stump wrap or shrinker is then applied. 


=" Once the swelling has resolved, the prosthetist can mold a 
socket (FIG 5B,C). 


OUTCOMES 


=" McCarthy et al* reported on a comparison of amputation 
versus lengthening in the treatment of fibular hemimelia. 
" Patients undergoing amputation were more active, had 
less pain, were more satisfied, and had fewer complications 
than those undergoing limb lengthening. 
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= Fulp et al? reviewed 25 patients (31 extremities) with longi- 
tudinal deficiency of the fibula treated with either Syme ampu- 
tation or Boyd amputation. 
" Patients undergoing Syme amputation had more problems 
with prosthetic suspension, reformation of the calcaneus, 
and migration of the heel pad. 
= Late progressive genu valgum deformity requiring a stapling 
or osteotomy of the distal femur occurs in 29% to 58% of cases. 


COMPLICATIONS 


Wound slough/dehiscence 
Migration of the heel pad 
Penciling of the distal tibia 
Infection 

Pin migration 

Nonunion 

Excess length 





FIG 5 e A. Healed osteotomy and calcaneus 
fused to tibia. B,C. Postoperative 
photographs demonstrate a good Syme 
stump with a bulbous end for possible 
self-suspending socket. (B,C: Courtesy of 
Hugh Watts, MD.) 
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DEFINITION 


= Ankle valgus is a lateral and upward slope of the tibiotalar 
joint resulting in foot pronation and sometimes lateral translo- 
cation of the talus relative to the tibia. 

=" In the anteroposterior (AP) plane, the weight-bearing axis 
and ground reaction force fall lateral to the virtual center of 
the joint. This may perpetuate the cycle of growth inhibition 
and progressive valgus. 


ANATOMY 


=" Normal alignment of the ankle involves a horizontal pla- 
fond, with a lateral distal tibial angle of 0 to 3 degrees (FIG 1). 
" Accordingly, the fibula normally bears 15% of body 
weight. 
= The talus lies sandwiched between the malleoli, stabilized by 
the deltoid ligament medially and the talofibular and calcane- 
ofibular ligaments laterally. 
= In the growing child, the fibular physis lies at or distal to the 
plafond. 
" The physes and plafond lie parallel to the floor and per- 
pendicular to the ground reaction forces. 





FIG 1° A. Inthe normal ankle, the longer fibula provides a 
lateral buttress and bears 15% of body weight. Its physis is at or 
below the level of the plafond.' The ground reaction force (GRF) 
bisects the ankle, crossing the joint and tibial physis, which are 
parallel to the ground. B. When the fibula is foreshortened, the 
lateral buttress effect is lost and the GRF shifts laterally. There is 
wedging of the tibial epiphysis (Hueter-Volkmann effect) and 
the plafond tilts laterally. The distal fibular epiphysis broadens 
owing to impingement of the hindfoot, as a result of increased 
weight bearing. There may be medial ankle joint widening due 
to traction. 
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Hemi-Epiphysiodesis 
for Ankle Valgus 
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PATHOGENESIS 


= The common denominator of ankle valgus is a fibula that is 
relatively foreshortened and fails to buttress the lateral tilt and 
shift of the talus during weight bearing. 
" As the fibular epiphysis bears more than the customary 15% 
of body weight, it may expand owing to the Hueter-Volkmann 
effect (another example of form following function). 
= As the ground reaction force is displaced laterally, the com- 
pression of the lateral distal tibial physis exceeds its tolerance 
and inhibits normal growth, not only of the physis, but of the 
epiphysis as well (Hueter-Volkmann effect). 
= There may be widening of the medial clear space due to at- 
tenuation of the deltoid ligament. 
" Subject to chronic and unremitting medial tension, there 
may be delayed or fragmented ossification of the medial 
malleolus. 
= The physes remain horizontal and perpendicular to gravity. 
= With lateral tilt of the talus, shear forces are introduced and 
articular cartilage attrition may ensue, commencing at the lat- 
eral corner of the ankle. 
= Subtalar valgus alignment or instability may develop and ex- 
acerbate the clinical deformity. 
= Concomitant genu valgum imposes an eccentric load on the 
ankle and may compound the alignment problems (hereditary 
multiple exostoses, clubfeet; FIG 2). 


NATURAL HISTORY 


= The natural history of ankle valgus typically is insidious and 
progressive. It may be noticed around school age and becomes 
self-perpetuating. 
=" The natural history is unaffected by corrective shoes or 
bracing (FIG 3). 
" In some conditions (spina bifida, cerebral palsy), there 
may be skin breakdown over the medial malleolus with at- 
tempts to control valgus by bracing. 
= Left unattended, the ultimate method of salvage may require 
a supramalleolar osteotomy. 
= This can be avoided by means of medial malleolar epiphys- 
iodesis using a transmalleolar screw or an eight-plate (FIG 4). 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Typically the parents have noted chronic, progressively flat 
or pronated feet. 

= Asymmetric and accelerated shoewear is common. 

= Activity-related pain is typically lateral, beneath the fibula, 
as a result of impingement on the talus or calcaneus. 

= There may be medial pain, presumably due to tension on the 
deltoid ligament or to brace irritation. 

=" Concomitant knee or hindfoot valgus will exacerbate the 
symptoms. 
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FIG 2 © A. Ankle valgus may be mistaken for (or coexist with) 
planovalgus deformity of the foot. This patient had progressive 
ankle valgus 6 years after Cincinnati clubfoot reconstruction. 
Note the prominent medial malleoli. B. This teenager with par- 
alytic ankle valgus (spina bifida) had concomitant genu valgum. 
Note the increased intermalleolar distance. 


=" While orthotics may provide support, they will have no 
beneficial effect. As the deformity progresses, brace tolerance 
diminishes. 

=" The clinician should observe the patient’s stance from the 
hindfoot position. 

= The patient’s knee alignment is observed. Genu valgum or 
circumduction gait exacerbates hindfoot loading. 





FIG 3 e While orthoses may provide comfort and extend 
shoewear, they will have no effect on the natural history of 
ankle valgus. 





A 


FIG 4 « The focal hinge effect provided by an eight-plate to 
correct valgus deformity. A. The nonlocking screws are free to 
swivel as lateral growth restores the ground reaction force to 
neutral. B. This flexible construct permits more rapid correction 
than the rigid transphyseal screw, without compromising the 
physis, and it is easier to remove. 


= The patient’s gait pattern, medial-lateral ankle stress (sec- 
ondary medial laxity may be evident), and sagittal strength and 
range of motion (equinus or calcaneus may need treatment) are 
observed. 

= The foot is examined to determine whether an orthotic or 
surgical treatment is needed. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographs 
" Weight-bearing AP and lateral views of the ankles 
" Weight-bearing AP lateral of the feet to assess subtalar 
alignment 
" Weight-bearing AP of the lower extremities, if there is 
perceived valgus or varus deformity of the knee 

= EMED foot pressure studies (optional) 

=" CT scan or MRI if a distal tibial physeal bar is suspected 
" CT scan of the foot if a concomitant tarsal coalition is 
suspected 


DIFFERENTIAL DIAGNOSIS 


=" The deformity is often bilateral: some of the conditions that 
are known to result in progressive ankle valgus include the 
following. 
=" Neuromuscular 
" Cerebral palsy 
= Spina bifida 
" Neurofibromatosis 
=" Hereditary—growth 
" Hereditary multiple exostoses 
= Multiple epiphyseal dysplasia 
=" Genetic 
=" Down syndrome 
= Other syndromes 
= ‘Traumatic 
= Clubfoot 
" Idiopathic 
=" The underlying diagnosis (see above) has often been estab- 
lished, but the underlying cause has little relevance to the 
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treatment. The degree of deformity and the evolution of 
symptoms dictate the timing and need for intervention. 


NONOPERATIVE MANAGEMENT 


= Activity restriction and nonsteroidal anti-inflammatories are 
not helpful. 
=" Physical therapy remedial exercises are of no benefit. 
= Soft orthoses or UCB inserts are temporizing means of re- 
ducing foot discomfort and extending shoewear. 
" They are relatively more efficacious for subtalar instabil- 
ity than ankle valgus. 
" They will not effect any growth modulation or improve- 
ment in skeletal alignment, however. 


SURGICAL MANAGEMENT 


= The indications for surgery relate to the evolution of activ- 
ity-restricting pain. 

=" Valgus may be manifest in children under age 10 but is more 
prevalent during the adolescent growth spurt. 

=" Many patients have already exhausted nonoperative op- 
tions, such as shoewear modifications, nonsteroidal anti- 
inflammatories, and activity restriction. 


Preoperative Planning 


= Both the clinical examination and appropriate weight-bearing 
radiographs should verify the presence and magnitude of valgus 
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deformities, not only of the ankles but also (occasionally) of the 
hindfeet and knees as well. 

= In specific conditions, multilevel surgery may be indicated. 
= When the cause involves neuromuscular conditions, con- 
comitant muscle imbalance may warrant combined procedures 
such as gastrocnemius recession or tendon transfer. 
=" When available, a pedobarograph may be useful for docu- 
menting pathologic foot stresses. 


Positioning 

= The patient is positioned supine on the operating table. 
= The mini or standard C-arm may be used. 

=" Calf or thigh tourniquets are optional, at the discretion of 
the surgeon. 


Approach 


=" For a transmalleolar screw, a 5-mm transverse incision 

below the tip of the medial malleolus will suffice. 

= For plate correction, a vertical 12-mm incision over the me- 

dial distal tibial physis is optimal. 
" The dissection is subcutaneous, with preservation of the 
periosteum. 
" The only nearby neurovascular structures are the saphe- 
nous nerve and vein. These are anterior to the incision and 
easily avoided. 

= Supramalleolar osteotomy is the option of last resort. 


MEDIAL MALLEOLAR SCREW HEMIEPIPHYSIODESIS 


= With the patient supine and a calf tourniquet inflated #® 


(optional), the tip of the medial malleolus is palpated 


and a 5-mm transverse incision is marked. Z 


m The subcutaneous tissues may be injected with 0.25% 
Marcaine. 
= The incision is made sharply and deepened with a hemo- 


stat, spreading the subcutaneous tissues down to the tip ® 


of the malleolus. 
= §€6Avertical 1.6-mm guidewire is driven upward, with care 
taken to avoid the ankle mortise. 


= |ts trajectory should be vertical, so that the screw will ® 


be just lateral to the medial cortex. 
= The more peripheral the fulcrum, the more efficient 
and rapid the correction will be. 





The C-arm is used to check the guidewire placement in 
the AP, mortise, and lateral projections. 

The tip of the malleolus is drilled with a 3.2-mm cannu- 
lated drill bit and a single 4.5-mm cannulated, fully 
threaded, cortical screw 40 to 50 mm in length is inserted 
(no washer is necessary; TECH FIG 1). 

The guidewire is removed and the screw should be tight- 
ened so that the screw head is not prominent. However, 
if the head is buried, the screw may be hard to retrieve 
in the future. 

The wound is closed with 4-0 Monocryl sutures and cov- 
ered with Steri-Strips, OpSite, and an Ace bandage. 


TECH FIG 1 « A. Transphyseal cannulated 4.5-mm screw 
insertion is performed percutaneously over a 1.6-mm 
guide pin for accuracy. The ideal fulcrum is near the me- 
dial cortex of the tibia for maximal angular correction. 
Screw removal is facilitated using the guide pin to seat 
the screwdriver. B. The growth line (arrows) indicates 
the angular correction achieved to restore a horizontal 
plafond. Note the downward slope of the physis and 
the slight bend in the screw, consequent to the intra- 
physeal fulcrum and the considerable forces of growth 
ona rigid implant. 





282 


Section Ill RECONSTRUCTION 





GUIDED GROWTH USING AN EIGHT-PLATE 


With the patient supine and under tourniquet control, 
the distal medial tibial physis is identified using the image 
intensifier. 

A 12-mm incision is marked in the skin and (optionally) 
injected with 0.25% Marcaine. 

The incision is made sharply, carrying the dissection 
through the subcutaneous tissues, with care taken to 
avoid injury to the periosteum (TECH FIG 2A). 

A Keith needle is inserted into the physis and its position 
is checked with the C-arm (TECH FIG 2B). 

A 12-mm eight-plate is inserted, placing its center hole over 
the needle, and applied extraperiosteally (TECH FIG 2C). 
1.6-mm smooth guide pins are inserted, first into the epi- 
physis and then the metaphysis, avoiding the ankle joint 
and physis (TECH FIG 2D). 


The cortex is drilled to a depth of 5 mm using the cannu- 
lated 3.2-mm drill. 

Fully threaded, cannulated screws are then inserted 
(TECH FIG 2E). For the ankle, the 16- or 24-mm screws 
may be used. There is no particular advantage to the 
short (16-mm) screw, but sometimes there is not suffi- 
cient room for the 24-mm one. The screws do not have 
to match or to be parallel. 

After the plate and screw positions are confirmed on 
the AP and lateral views, the guide pins are removed 
and the screws are countersunk into the plate (TECH 
FIG 2F). 

After routine wound closure, a soft compression dressing 
is sufficient. 





TECH FIG 2 « A. For the eight-plate technique, a 12-mm medial incision is made, preserving the periosteum. B. The physis is lo- 
calized with a Keith needle. C. The eight-plate is slipped over the needle to center this on the physis. D,E. Two 1.6-mm guide pins 
are inserted parallel to the physis, followed by the self-tapping, cannulated, fully threaded 4.5-mm screws. F. The guide pins are 
removed and the screws countersunk into the plate. Shown here are 24-mm screws; the alternative is to use the 16-mm screws. 





SUPRAMALLEOLAR OSTEOTOMY (SKELETAL MATURITY) 


An incision is made over the medial metaphyseal flare of 
the tibia. 

Kirschner wires are inserted to guide the saw or os- 
teotome, and the surgeon triangulates for the closing 
wedge. 

The tibia is cut, leaving lateral cortex intact if possible. 


The fibula is left intact unless the surgeon intends to cor- 
rect more than 20 degrees of rotation. 

The tibial wedge is removed. 

Smooth, crossed Steinmann pins or plate fixation is used 
to stabilize = tension band vs. intact fibula. 

A below-knee cast is applied and the patient is kept non- 
weight bearing for 4 weeks. 
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PEARLS AND PITFALLS 


The surgeon should avoid countersinking a transphyseal screw. = Fluoroscopy and overdrilling may be necessary for removal. 





A vertical transphyseal screw trajectory is optimal. 


The surgeon should avoid partially threaded screws. ™ These are easy to strip and are difficult or impossible to 
remove. 


The surgeon should avoid periosteal damage. 


POSTOPERATIVE CARE OUTCOMES 
=" Hemiepiphysiodesis = Initially there is no visible difference, and the family needs 
" No immobilization is required. to be aware of this. 
" Immediate weight bearing is permitted. =" The correction is slow and subtle, so routine follow-up 
= There are no activity restrictions. (every 6 months) is imperative. 
" Follow-up is at 6-month intervals with weight-bearing AP =" Correction to neutral, or slight varus, will take 12 to 24 
radiographs of the ankles. months on average. 
" The implant is removed when the plafond is horizontal, =" The implant is removed on correction of the valgus deformity. 
regardless of fibular length. =" Follow-up should continue until maturity to watch for re- 
= Supramalleolar osteotomy current deformity. 
" The patient uses a cast and crutches for 1 month. = Premature physeal closure is exceedingly unlikely. 
" The patient can use a 3D boot for the second month. COMPLICATIONS 


" Implants are removed after healing. 


=" Complications are predominately related to the transphyseal 
screws, which are rigid, transgressing the physis and pitted 
against the dynamic forces of growth (FIG 5). 





E F 


FIG 5 e A. On the left, the physis blew past the retained screw. B. As a result of stripping, this screw spun in place, 
migrated proximally, and could not be removed. C. As the valgus deformity corrected, this screw head ended up 
within the ankle, notching the talus (with pain) and proved challenging to retrieve. D. This patient failed to return 
before overcorrecting into varus. E. The screw could not be removed, necessitating a corrective opening wedge 
osteotomy (through the screw). F. This 17-year-old boy with Marfan syndrome presented with a bent implant and 
varus overcorrection. Luckily his hindfoot valgus compensated and no osteotomy was needed. (continued) 
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=" Stripping, bending, or breakage of the transphyseal screw 
may make implant removal difficult or impossible. 

= If the physis closes in the presence of varus deformity, the 
only recourse is a corrective osteotomy. 

=" Compared to the transphyseal screw, the medial plates are 
easier to locate and remove. 
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Adductor and Iliopsoas 
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Release 


Tom F. Novacheck 


DEFINITION 


= Psoas and adductor contractures are most common in cere- 
bral palsy but can occur in any neuromuscular condition 
owing to disuse, muscular imbalance, or spasticity. 

= The degree of contracture varies depending on the patient’s 
age and the severity of neuromuscular dysfunction. 

=" Detecting hip flexion contracture (psoas) is challenging. 

=" The challenge for the adductors is deciding which muscles to 
lengthen and how much lengthening to do. 


ANATOMY 


=" The psoas is part of the primary hip flexor group, the 
iliopsoas. 

= The psoas muscle originates from the transverse processes of 
the lumbar vertebrae. The muscle belly passes over the sacrum 
into the pelvis (FIG 1A). 

= At the level of the pelvic brim (superior pubic ramus), the 
intramuscular tendon can be found. 

= At this level, the psoas lies underneath the muscle belly of 
the iliacus. The femoral neurovascular bundle is superficial to 
the iliacus (FIG 1B,C). 

=" The psoas and iliacus tendons combine below the level of 
the pelvic brim to form a common tendon that inserts on the 
lesser trochanter. 

=" The adductor longus, adductor brevis, adductor magnus, 
and gracilis are clinically considered the adductor group of the 
hip. Their origins arise from the pubic and ischial rami as well 
as the pubic tubercle and they insert medially on the femur 
(adductors) and proximal tibia (gracilis) (FIG 1D). 

=" The adductor longus has a tendinous origin, the gracilis has 
a muscular fascia, and the adductor brevis and magnus have 
muscular origins. 

= The anterior branch of the obturator nerve lies in the inter- 
val deep to the adductor longus and superficial to the adduc- 
tor brevis, while the posterior branch of the obturator nerve 
lies in the interval deep to the adductor brevis and superficial 
to the adductor magnus. 


PATHOGENESIS 


=" Hip flexion and adduction contractures develop over time 
due to: 
" Lack of typical functional activities 
" Muscular imbalance between these muscle groups and 
their antagonists, the hip extensors and abductors, due to ei- 
ther weakness of the antagonists or spasticity of the agonists 
= A hip flexion contracture is typical at birth and persists in 
infancy up until the time the child begins to stand and walk. In 
an older child who has not achieved standing and walking 
ability, a hip flexion contracture therefore may represent a 
persistence of the normal fetal alignment. 
= At birth, the normal amount of hip abduction range of mo- 
tion is 60 to 90 degrees, significantly greater than the expected 
range of motion of adults. 


=" Appropriate musculotendinous length develops during 
growth as the muscle responds to bone growth and stretch as- 
sociated with typical childhood activities such as walking, run- 
ning, and playing. Growth occurs at the musculotendinous 
junction because of the addition of new sarcomeres. 

=" Contractures of these structures do not allow the joint to 
achieve normal positions for daily activities. 


NATURAL HISTORY 


=" Contractures, if severe and persistent, can lead to hip sub- 
luxation, hip dysplasia, and ultimately hip dislocation. 

=" Hip dysplasia and especially hip dislocation are most 
common with more severe cerebral palsy (quadriplegia, mini- 
mally ambulatory or nonambulatory, Gross Motor Function 
Classification System [GMFCS] IV and V) and in L2- or L3- 
level myelodysplasia because muscular imbalance at the hip is 
most severe (innervated hip flexors and adductors, paralyzed 
abductors and extensors). 

=" In more functionally mobile children with cerebral palsy 
(GMFCS I, II, and III), psoas and adductor contractures lead 
to anterior pelvic tilt, excessive pelvic motion, and lack of hip 
extension in terminal stance and contribute to crouch. 

= Although a scissoring gait is commonly considered to be 
due to adductor contractures, this visual appearance most 
commonly results from the combination of hip and knee 
flexion with internal hip malrotation due to excessive 
femoral anteversion. 

= In longstanding cases, hip dysplasia can lead to degenerative 
arthrosis. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Physical examination methods include the following: 
" Hip flexion-extension range of motion: Normal walking 
function requires 7 degrees of extension beyond neutral 
pelvic position. Therefore, even small contractures limit 
functional range of motion, shorten step length, and induce 
compensatory movements. 
" Hip abduction—adduction range of motion: Maximum 
abduction range of motion during typical walking is only 5 
degrees. Therefore, even moderate limitations of hip abduc- 
tion range of motion may not have functional significance 
(unless spasticity is also present). Normal hip development 
may not occur if abduction range of motion is limited. 
= If resistance is felt as the hip is extended and abducted, 
spasticity is present. Increasingly severe spasticity increases 
the risk of development of subsequent contracture. For am- 
bulation, spasticity (even in the absence of contracture) can 
limit movement. 
" Hip flexion and hip adduction strength are tested in the 
supine position. Lengthening a contracted and weak mus- 
cle may adversely affect function. Weak, antagonistic mus- 
cle groups (hip extensors, hip abductors) predispose to 
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FIG 1 © A. Hip flexor anatomy. The psoas arises from the lumbar spine transverse processes. At the level of the pubic 
ramus, as it exits the pelvis, it has an intramuscular tendon. Note the proximity of the femoral nerve and artery anteri- 
orly. B,C. Transverse plane anatomy of the hip. B. Even though this cross section is slightly distal to the pubic ramus, 
the reason for recommending an approach underneath (lateral) to the iliacus is clear. C. If the iliacus is retracted ante- 
riorly and medially, the femoral neurovascular structures are protected by the muscle belly of the iliacus. The psoas 
muscle and tendon can be directly visualized. D. Adductor anatomy. The surgeon can orient himself or herself by iden- 
tifying the tendinous adductor longus origin. The pectineus is lateral and the gracilis medial. The anterior branch of 
the obturator nerve lies on the anterior surface of the adductor brevis (deep to the adductor longus) after emerging 


from the obturator foramen just lateral to the pectineus. 


flexion and adduction contractures and contribute to mus- 

cle imbalance. 
=" When examining a child for hip flexion contracture, the ex- 
aminer should not be misled by the presence of a knee flexion 
contracture that prevents full extension of the leg. This can be 
avoided by moving the patient to the side of the examination 
table and allowing the lower leg to drop off the side of the table. 
=" Femoral anteversion must also be examined for and ruled 
out (see Chap. PE-27). 
=" Accurately identifying and controlling pelvic position is cru- 
cial for evaluating hip extension and abduction range of motion. 
=" For the nonambulatory patient, the examiner should look for 
hyperlordosis and a flexed, adducted, internally rotated hip. For 
the ambulatory patient, observation of gait may show hyperlor- 
dosis, limited step length, scissoring gait, or crouch gait. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Supine anteroposterior (AP) pelvis radiograph (FIG 2) 
= Pelvic obliquity 
" Adducted hip 
= Lordotic pelvis 
" Varying degrees of hip dysplasia 
= Gait analysis may reveal: 
= Pelvic obliquity with affected side elevated 
" Limited hip abduction range of motion in late stance and 
during swing phase 
= Excessive anterior pelvic tilt with or without excessive 
pelvic range of motion 
= Limited hip extension range of motion in terminal stance 








FIG 2 « AP pelvis radiographs. A. Common findings of coxa 
valga (although femoral anteversion cannot be eliminated as a 
possibility): break in the Shenton line indicating subluxation, 
incomplete femoral head coverage, pelvic obliquity (right side 
elevated), mild windswept hips (right adducted), and mild 
acetabular dysplasia (right greater than left). B. In this case, 
severe hip flexion contractures result in anterior pelvic tilt. 

The AP pelvis radiograph results in an inlet view (obturator 
foramina are not visible). 
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DIFFERENTIAL DIAGNOSIS 


Hip dysplasia or dislocation 

Knee flexion deformity 

Hip abductor or extensor weakness 

Excessive femoral anteversion 

Contracture of secondary hip flexors (eg, myelodysplasia) 


NONOPERATIVE MANAGEMENT 


= Physical therapy for range of motion and strengthening 
= Positioning aids: 
= Standers 
" Sleeping prone 
" Hip abduction pillow, Scottish Rite brace with thora- 
columbar extension 
=" Botulinum toxin injections 


SURGICAL MANAGEMENT 


Preoperative Planning 


=" The AP pelvis radiograph is reviewed to rule out hip 
dysplasia. 

=" Examination under anesthesia is performed as described 
above. Under general anesthesia, hypertonicity is no longer 
present and the true difference between restricted range due to 
high muscle tone versus musculotendinous contracture can be 
appreciated. 

=" Also, the secondary hip flexors (tensor fascia lata and 
sartorius) can be palpated to rule out secondary contrac- 
ture (uncommon in cerebral palsy but common in myelodys- 
plasia). 

Positioning 

= The patient is positioned supine. 

= The leg is draped free to allow flexion and extension of the 
hip and knee joints as well as abduction of the hip. 

=" Care must be taken with draping to ensure access to the an- 


terior pelvis up to the groin crease to allow adequate surgical 
exposure. 


Approach 


=" Various approaches have been described for psoas 
lengthening. 
" My preferred incision is a 3- to 4-cm oblique incision 
along the inguinal ligament that starts at the anterior supe- 
rior iliac spine and is directed inferomedially.” 
" Surgeons less comfortable with dissecting the abdominal 
musculature near the inguinal ligament prefer a more prox- 
imal incision at the iliac crest with the abdominal muscula- 
ture taken off the subcutaneous border of the ilium. The 
psoas tendon is approached at the same level (the pelvic 
brim) and therefore the exposure of the tendon is more dif- 
ficult from this more proximal incision. 
" Sutherland preferred an exposure distal to the inguinal 
ligament.” 
= All approaches use the same deep tissue plane underneath 
(lateral) to the iliacus muscle belly. 
=" The proximity of the femoral neurovascular structures has 
been well documented and is a cause for caution.* 
=" The surgical concept of psoas lengthening at the pelvic 
brim was adapted from Salter’s description of length- 
ening the psoas tendon while performing a Salter pelvic 
osteotomy. 
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PSOAS LENGTHENING AT THE PELVIC BRIM 


Incision and Dissection 


An oblique incision is made along the inguinal ligament 
starting at the anterior superior iliac spine and extending 
distal and medial (TECH FIG 1A-C). 

The external oblique fascia is identified and divided just 
above its attachment on the inguinal ligament (TECH 
FIG 1D). 

Blunt dissection through the internal oblique and trans- 
versus abdominis just medial and adjacent to the ante- 
rior superior iliac spine allows access to the inner table of 
the illum extraperiosteally (TECH FIG 1E). 

The lateral femoral cutaneous nerve typically crosses the 
surgical wound and is identified and protected, but 
sometimes it is medial and not encountered. 


External Internal 


oblique fascia D 


oblique fascia 


Tendon Identification and Division 


With the hip flexed, a finger is passed down along the 
superior pubic ramus underneath the iliacus and psoas to 
identify the psoas tendon by palpation (TECH FIG 2A). 
The psoas tendon is visualized by retracting the iliacus 
medially with an Army-Navy retractor (TECH FIG 2B). 

A right-angled clamp is passed around the psoas tendon 
(TECH FIG 2C). 

By isolating it from the surrounding muscle, the structure 
is confirmed to be the psoas tendon. 

Muscle fibers are retracted and the tendon is divided with 
electrocautery, leaving the muscle intact (TECH FIG 2D). 
Any inflexible (tendinous or myofascial tissues) should be 
divided. Many patients have a psoas minor tendon, 
which must also be identified and divided. Muscular tis- 
sues are left intact to maintain hip flexor function. 





TECH FIG 1 « Incision and dissection for psoas lengthening. A. Right hip (patient supine, feet to the left); ilium, and inguinal 
ligament are marked. B. Skin incision along inguinal ligament starting just distal to anterior superior iliac spine and extend- 
ing distally 3 to 4 cm. C. Adson forceps identify the inguinal ligament with the external oblique fascia proximal and medial. 
D. External oblique fascia is divided along the inguinal ligament and retracted by Army-Navy retractors to visualize the inter- 
nal oblique. E. A hemostat bluntly pierces the internal oblique and transversus abdominis just medial to the anterior superior 
iliac spine and is passed along the inner table of the ilium extraperiosteally (in this case, the lateral femoral cutaneous nerve 


was not encountered). 
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TECH FIG 2 e A. With the hip flexed, the interval between the superior 
pubic ramus and the iliacus is developed with blunt finger dissection to 
palpate the psoas tendon. B. The psoas tendon is visualized by retracting 
the iliacus medially with an Army-Navy retractor. C. A right-angled clamp 
is passed around the psoas tendon. D. The tendon is divided with electro- 
cautery, leaving the muscle intact. 
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ADDUCTOR LENGTHENING 


~<— Proximal 


For the adductors, a short transverse (most often) or lon- 
gitudinal incision over the palpable origin of the adduc- 
tor longus is used (TECH FIG 3A). 

The adductor longus tendon is separated from the sur- 
rounding tissues (pectineus laterally, gracilis medially 
[TECH FIG 3B], and adductor brevis and anterior branch 
of the obturator nerve deep). 


Distal —> 





The adductor longus tendon is divided as proximally as 
possible (TECH FIG 3C,D). For ambulatory patients, this 
is typically the only tissue that should be lengthened. 

If necessary, for nonambulatory patients and for more 
severe neuromuscular hip dysplasia, a partial or complete 
division of the adductor brevis and other contracted tis- 
sues can be performed. 


Pectineus 





Adductor 
D brevis 


TECH FIG 3 e Adductor longus tenotomy. A. A short transverse incision (pubis left, knee right) exposes the tendinous ori- 
gin of the adductor longus (pectineus laterally, gracilis medially). B. A right-angled clamp isolates the adductor longus ten- 
don and muscle. C. As proximally as possible, the origin is divided. D. The preserved anterior branch of the obturator nerve 


lies on the adductor brevis. 
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PEARLS AND PITFALLS 





Indications 


Surgical site 


In the nonambulatory cerebral palsy patient, hip flexor pathology is fairly routinely recognized and 
therefore not missed. On the other hand, identification of pathology and indications for psoas 
lengthening in the ambulatory cerebral palsy patient are less well agreed upon. As a result, | believe 
that psoas lengthening is too often not included in the surgical plan. 


In the 1970s, Bleck recognized that release of the iliopsoas tendon at the lesser trochanter in the 
ambulatory patient resulted in excessive weakness.' Release at that level must be avoided in ambula- 
tory patients. 

In nonambulators, the iliopsoas combined tendon can be released from the lesser trochanter, but care 
must be taken not to violate the apophysis of the lesser trochanter in order to avoid heterotopic bone 
formation along the iliopsoas tendon sheath postoperatively. 


Early recurrence 


If significant spasticity is present, pain and spasm may lead to difficulty in maintaining postoperative 


positioning in extension and abduction, leading to recurrence of hip flexion or adduction contractures. 
Botulinum toxin injected into the hip flexors and adductors at the time of surgery, effective pain man- 
agement, and meticulous care to avoid postoperative positioning in flexion and adduction are essential. 


Obturator neurectomy 


Overcorrection resulting in abduction contracture is a high risk. Because of this iatrogenic risk with limited 


corrective options, this procedure should be abandoned. Safer, less aggressive procedures are favored. 


Femoral neurovascular 
injury 


The femoral nerve, artery, and vein are very close to the psoas tendon but are anterior to the iliacus 
muscle. The iliacus muscle belly can provide protection for these structures if the surgical approach is 


deep to it. Other protection is afforded by performing the lengthening of the tendon with the hip 
in the flexed position to relax the neurovascular structures, directly visualizing the tendon within the 
muscle belly, and stimulating the tissue with electrocautery first before cutting (if the nerve is nearby, 


the knee will extend). 


Inappropriate adductor 
lengthening 


The combination of femoral anteversion with hip and knee flexion deformity results in the visual 
appearance of a scissoring gait in ambulatory cerebral palsy patients and is more commonly the cause 


of scissoring. In ambulators, only adductor longus tenotomy should be performed, and it should be 


performed rarely. 


= The adductors are more commonly spastic and contracted in more severe hemiplegic cerebral palsy. 
Therefore, adductor longus tenotomy is more often necessary. 


POSTOPERATIVE CARE 


= Psoas lengthening 
" Postoperative elevation of the leg is avoided because it 
leads to a flexed hip position. 
= Prone positioning is done two or three times a day for at 
least 30 minutes. 
" A knee immobilizer promotes not only an extended knee 
but also an extended hip. 
= After 3 weeks, an active hip flexor strengthening program 
is instituted. 
= Adductor lengthening 
= An abductor pillow is used full time for 3 weeks and part 
time for the next 3 weeks, and early range of motion is 
instituted. 
" After 3 weeks, an adductor strengthening program is 
instituted. 
=" For both procedures, weight bearing can be instituted as 
tolerated. These procedures are commonly performed in con- 
junction with osteotomy surgery, in which case weight bearing 
is typically begun 3 to 4 weeks postoperatively. 


OUTCOMES 


=" Psoas lengthening is commonly performed in conjunction 
with femoral osteotomy with or without pelvic osteotomy for 
treatment of hip dysplasia in nonambulatory patients. A redis- 
location rate of less than 10% can be expected.* 

=" In ambulatory cerebral palsy patients, psoas surgery im- 
proves dynamic hip dysfunction. There is no evidence that 
psoas lengthening causes hip flexor weakness.” 


=" Power production (H3 power burst) is maintained. 

=" When psoas lengthening is performed in conjunction with 
femoral derotation osteotomy, excessive anterior pelvic tilt 
may also improve. 


COMPLICATIONS 


=" Excessive hip flexor weakness with tendon release at the 
lesser trochanter’ 

=" Femoral neurovascular injury 

= Early recurrence of flexion—adduction deformity 

=" Worsened anterior pelvic tilt and forward trunk lean when 
hip flexion deformity is not recognized and treated 

= Pelvifemoral instability if scissoring gait is treated with inap- 
propriate adductor surgery 
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Rectus Femoris Transfer 


Jon R. Davids 


DEFINITION 


= The gait pattern of children with cerebral palsy (CP) is fre- 
quently disrupted by dynamic overactivity of the rectus 
femoris muscle. 

=" This disruption is characterized by delayed and diminished 
peak knee flexion in swing phase. 

= Surgical transfer of the rectus femoris muscle to the medial 
hamstrings is usually performed in conjunction with other surgi- 
cal procedures selected to address all elements of soft tissue and 
skeletal dysfunction that compromise gait in children with CP. 
= This surgical strategy, termed single-event multilevel surgery 
(SEMLS), requires a comprehensive assessment of gait dys- 
function using quantitative gait analysis. 

=" Proper management (surgical, orthotic, and rehabilitative) 
in childhood can result in an improved gait pattern that will be 
sustainable in the adult years. 


ANATOMY 


= The rectus femoris muscle is a portion of the quadriceps 
muscle group, which also includes the vastus lateralis, the vas- 
tus medialis, and the vastus intermedius muscles. 
= The rectus femoris muscle is the only one of the quadriceps 
muscle group that is considered to be biarticular, as it crosses 
both the hip joint and knee joint. The remaining three muscles 
cross only the knee joint. 
" The rectus femoris muscle is innervated by the femoral 
nerve. It has its origin on the anterior inferior iliac spine (di- 
rect head) and the innominate portion of the pelvis just prox- 
imal to the superior margin of the acetabulum (reflected 
head) and its insertion on the superior pole of the patella. 

The rectus femoris muscle fuses with the underlying 
vastus intermedius muscle several centimeters proximal to 
the superior pole of the patella. 

The rectus femoris muscle and the other three portions 
of the quadriceps muscle group envelop the patella to 
form the patellar tendon, which inserts on the tibial tuber- 
cle apophysis of the proximal tibia. It serves as a hip 
flexor and knee extensor. 

The rectus femoris muscle has a relatively small physi- 
ologic cross-sectional area and a relatively large ratio of 
tendon length to muscle fiber length, indicating that it is 
designed for maximal excursion and diminished force 
generation.**° 

= In normal gait, the rectus femoris muscle is active in the 
stance to swing phase transition, where it acts to control the 
magnitude of the flexion excursion of the knee as the gait 
velocity increases.'? It is also active at the end of the swing 
phase to properly position the knee in the transition from 
swing to stance phase.’ 

The remaining three portions of the quadriceps muscle 
group are active during the loading response of stance 
phase, where they are essential in providing shock absorp- 
tion function about the knee as the limb is loaded.'” 


From a functional perspective, the quadriceps muscle 
group is actually two groups, the first consisting of the 
rectus femoris muscle and the second consisting of the tri- 
ceps femoris muscles (remaining three muscles).’ 


PATHOGENESIS 


=" CP is the consequence of an injury to the immature brain 
that may occur before, during, or shortly after birth. The na- 
ture and location of the injury to the central nervous system 
(CNS) determines the components of the neuromuscular and 
cognitive impairments. 
=" Common functional deficits are related to spasticity, im- 
paired motor control, and disrupted balance and body posi- 
tion senses. 
= Although the injury to the CNS is not progressive, the clin- 
ical manifestations of CP change over time owing to growth 
and development of the musculoskeletal system. 
" The muscles typically exhibit a purely dynamic dysfunc- 
tion during the first 6 years of life, characterized by a nor- 
mal resting length and an exaggerated response to an ap- 
plied load or stretch. 
= With time, between 6 and 10 years of age, the muscles de- 
velop a fixed or myostatic shortening, resulting in a perma- 
nent contracture. 
= As such, it is best to consider CP not as a single specific dis- 
ease process, but rather a clinical condition with multiple pos- 
sible etiologies.‘” 


NATURAL HISTORY 


=" Ambulatory children with CP whose gait is disrupted by 
overactivity of the rectus femoris muscle typically walk 
with delayed and diminished knee flexion in swing phase. This 
may be associated with decreased velocity of hip flexion in the 
stance to swing phase transition and increased ankle plan- 
tarflexion in swing phase, called a “stiff” gait pattern.'*'* 

= These dynamic gait deviations at the hip, knee, and ankle 
disrupt the normal limb segment coordination that contributes 
to functional shortening of the limb during the swing phase of 
the gait cycle.’® As a result, children with CP who have a stiff 
gait pattern will exhibit compromised clearance of the limb in 
swing phase.'*!® 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The clinical history, as provided by the child and the par- 
ents, usually contains complaints of toe dragging, tripping, ab- 
normal shoe wear about the toes, and inability to keep up with 
peers in play and sports. 
=" A thorough examination will include the prone rectus 
femoris test (also known as the Duncan-Ely test). 
" A positive slow rectus test indicates fixed shortening of 
the rectus femoris muscle. 
" A positive fast rectus test indicates the presence of spastic- 
ity of the rectus femoris muscle. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographic imaging is not required when determining the 
need for transfer of the rectus femoris muscle to improve gait 
in children with CP. 
=" Relevant data from quantitative gait analysis include tem- 
porospatial parameters, sagittal-plane kinematics at the knee 
and hip, and dynamic electromyography (EMG) of the rectus 
femoris muscle. 
" Gait velocity should be greater than 60% of age-matched 
normal.’ Children with CP who ambulate with a greatly di- 
minished gait velocity will also exhibit disrupted sagittal- 
plane knee kinematics in swing phase, which will not be cor- 
rected by a rectus femoris muscle transfer. 
" Sagittal-plane knee kinematics will show decreased flex- 
ion range and velocity in the stance to swing transition, de- 
layed and diminished peak knee flexion in swing phase, and 
diminished dynamic range of motion with a rounded or 
mounded wave form in swing phase (FIG 1A).*°"°"? 
= Sagittal-plane hip kinematics during the stance to swing 
phase transition should be evaluated when considering sur- 
gical transfer of the rectus femoris muscle (FIG 1B). 

A poor transition at the hip is characterized by de- 
creased flexion range and velocity and is a contraindica- 
tion to rectus femoris muscle transfer.” 

Poor hip flexor function in the stance to swing transi- 
tion will result in delayed and diminished peak knee flex- 
ion in swing phase, which will not be corrected by a rec- 
tus femoris muscle transfer. 
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" Dynamic EMG of the rectus femoris muscle will show 
prolonged, inappropriate activity into the middle subphase 
of swing phase (FIG 1C).*>'°"! 


DIFFERENTIAL DIAGNOSIS 


=" Delayed and diminished peak knee flexion in swing phase 
may be the consequence of: 
" Inappropriate activity of the rectus femoris muscle in 
swing phase. Transfer of the rectus femoris muscle is indi- 
cated in this situation. 
= Diminished overall gait velocity. This circumstance is a 
contraindication for transfer of the rectus femoris muscle. 
" Poor hip flexor function in the stance to swing phase tran- 
sition. This circumstance is a contraindication for transfer of 
the rectus femoris muscle. 
" Leg-length inequality, when the reference limb is relatively 
short or the contralateral lower extremity is relatively long. In 
this situation, there is less need for functional shortening of 
the reference limb in swing phase. This circumstance is a con- 
traindication for transfer of the rectus femoris muscle. 


NONOPERATIVE MANAGEMENT 


=" In the ambulatory child with CP who is younger than 6 
years, neurodevelopmental therapy and gait training may be 
helpful in improving the stiff gait pattern due to inappropriate 
activity of the rectus femoris muscle in swing phase. 

=" In the ambulatory child with CP who is age 6 years or older, 
there is no effective nonsurgical management of the stiff gait 
pattern. 
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FIG 1° A. Sagittal plane knee (A) and hip (B) kinematic plots of a child with a jump gait pattern. The gait cycle appears on the hori- 
zontal axis, the direction of motion on the vertical axis. The age-matched normal motion (mean + 2 SD) appears as a purple band, 
and the subject’s data are indicated by a blue line. A. Kinematic indicators for transfer of the rectus femoris muscle are delayed and 
diminished peak knee flexion in midswing phase (circle), and decreased range and rate of knee flexion in the stance to swing transi- 
tion (arrow). B. The kinematic contraindications at the hip for transfer of the rectus femoris muscle at the knee are decreased range 
and rate of hip flexion in the stance to swing transition (arrow). C. Dynamic electromyography (EMG) of the rectus femoris muscle in 
a child with CP. Three gait cycles are shown, separated by the solid black lines. The stance and swing phases of each cycle are sepa- 
rated by the dashed black lines. The normal timing of activation of the muscle is noted by the horizontal red lines at the bottom of 
the strip. The actual timing of activation of the muscle for the subject is shown by the oscillating red line at the middle of the strip. 
The dynamic EMG indicator for transfer of the rectus femoris muscle is prolonged and inappropriate activity in midswing phase (indi- 


cated by the circles in each gait cycle). 


SURGICAL MANAGEMENT 


=" Achieving optimal outcomes after transfer of the rectus 
femoris muscle requires careful patient selection, proper surgi- 
cal technique, appropriate postoperative orthotic manage- 
ment, and adequate rehabilitation resources (primarily physi- 
cal therapy for conditioning and gait training) in the months 
after the surgery. 


Preoperative Planning 


=" Proper clinical decision making and preoperative planning 
for surgery to improve gait in children with CP require the in- 
tegration of data from five fields—clinical history, physical ex- 
amination, diagnostic imaging, quantitative gait analysis, and 
examination under anesthesia—in a process described as a di- 
agnostic matrix.” 


SOFT TISSUE DISSECTION 


= An 8- to 12-cm incision is made over the anterior aspect 
of the distal third of the thigh, ending one to two finger- 
breadths onto the superior pole of the patella (TECH 

FIG 1). 
= The dissection is carried down through the subcutaneous 
layers to the fascia overlying the quadriceps muscle group. 
=" This fascial layer is incised for the full length of the in- 
cision, exposing the myotendinous portion of the rec- 


tus femoris muscle proximally and the superior pole TECH FIG 1 © Medial view of the right thigh, showing the 
anterior skin used for exposure of the rectus femoris muscle. 


of the patella distally. 


ISOLATION OF THE RECTUS TENDON 


= The rectus femoris muscle is identified and isolated prox- 
imally from the surrounding muscles of the quadriceps 
muscle group (vastus lateralis muscle laterally, vastus me- 
dialis muscle medially, and the vastus intermedius muscle 
deeply) (TECH FIG 2A). 
= The rectus femoris muscle is dissected from proximal 
to distal, freeing it completely from the surrounding 
quadriceps muscle group. 





TECH FIG 2 e Medial views of the right thigh (patella is to the left). 
A. Exposure of the quadriceps muscle group. The rectus femoris muscle is sep- 
arated from the other muscles of the quadriceps muscle group proximally 
(arrow). B. Mobilization of the rectus femoris distally from its insertion on the 
superior pole of the patella (circle). 


=" The dissection is carried onto the superior pole of the 


Chapter 41 RECTUS FEMORIS TRANSFER 293 


Positioning 

=" The child is placed on the operating table in the supine 
position. 

= A tourniquet is placed about the most proximal portion of 
the thigh, and the extremity is carefully cleansed and draped to 
allow adequate exposure for the surgical approach to the rec- 
tus femoris muscle. 


Approach 


= The rectus femoris muscle is usually exposed via a direct an- 
terior approach at the distal third of the thigh. 

=" This approach is particularly appropriate when transfer of 
the rectus femoris muscle and lengthening of the medical ham- 


string muscles are to be performed at the same time as part of 
SEMLS. 





patella for 1 to 2 cm, and the insertion of the rectus 
femoris muscle onto the patella is completely re- 
leased (TECH FIG 2B). 
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MOBILIZATION OF THE RECTUS FEMORIS TENDON AND TUNNELING 


A transfer stitch is placed into the distal end of the rec- 

tus femoris tendon, and the muscle—tendon unit is mobi- 

lized from distal to proximal using intermuscular dissec- 

tion with scissors. 

= The rectus femoris muscle should be completely mo- 
bilized proximally to the level between the proximal 
and middle thirds of the thigh (TECH FIG 3A). 

A subcutaneous tunnel is made between the proximal 

and medial margin of the incision used to expose the rec- 

tus femoris muscle and the distal and anterior margin of 

the incision used to expose the medial hamstring muscles 

(TECH FIG 3B). 

= This tunnel should be superficial to the quadriceps 
fascia and deep to the majority of the subcutaneous 


fat of the medial thigh, and expanded to a width of 
two fingerbreadths. 
= The rectus femoris muscle-tendon unit is passed 

through the subcutaneous tunnel and pulled into the 

incision overlying the medial hamstring muscles (TECH 

FIG 3C). 

= Tension is applied to the rectus femoris tendon using 
the transfer suture, and the line of pull of the rectus 
femoris muscle is assessed beneath the proximal mar- 
gin of the anterior thigh incision. 

= Further proximal release may be necessary to opti- 
mize the line of pull of the rectus femoris muscle in its 
transferred position. 





TECH FIG 3 e Medial views of the right thigh. A. Hip is to the right. Proximal mobilization of the 
rectus femoris. The rectus femoris muscle is manipulated using the transfer suture (dashed arrow) 
and released proximally using the scissors (solid arrow). B. Patella is to the left. Orientation of the 
transfer tunnel between the medial and anterior skin incisions (red arrow). A clamp is placed into 
the tunnel from distal medial to proximal anterior and used to guide the rectus femoris 
muscle—tendon unit to its site of transfer insertion (circle). C. The rectus femoris tendon is deliv- 
ered into the medial incision (solid circle), where it will be transferred to the distal portion of the 


semitendinosus muscle tendon (dashed circle). 


TRANSFER OF THE RECTUS TENDON 


The distal aspect of the rectus femoris tendon is trans- 

ferred to the distal segment of the semitendinosus mus- 

cle tendon, which was previously released in the medial 

hamstring muscle lengthening (see Chap. PE-43). 

=" The transfer is performed using a single interweaving 
of the rectus femoris and semitendinosus tendons 
(modified Pulvertaft technique) (TECH FIG 4). 

=" The transfer is tensioned so that the muscle belly of 
the rectus femoris muscle is slightly tighter to palpa- 
tion than the muscle bellies of the remaining three 
muscles of the quadriceps muscle group, when the 
knee is held in full extension. 

=" Three separate throws of a nonabsorbable suture are 
used to secure the transfer. 





TECH FIG 4 e Medial view of the right thigh (patella is to the 
left), showing the transfer of the rectus femoris tendon to the 
semitendinosus muscle tendon using a single interweaving 
(modified Pulvertaft technique; circle) that will be stabilized 
by three throws of a nonabsorbable suture. 


PEARLS AND PITFALLS 
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Patient selection 


= Distal transfer of the rectus femoris muscle to the medial hamstring muscles should be 


considered only for children with delayed and diminished peak knee flexion in swing 
phase due to overactivity of the rectus femoris muscle. When gait velocity is diminished 
beyond 70% of normal, poor hip flexor function in the stance to swing transition is 
present, or there is an anatomic or functional leg-length inequality (reference limb short), 
delayed and diminished peak knee flexion in swing phase will not be improved by trans- 
fer of the rectus femoris muscle. 


When there is spasticity of the rectus femoris muscle, and the proper kinematic and 


dynamic EMG indicators are present, failure to perform a rectus femoris transfer at the 
time of medial hamstring muscle lengthening will result in the development of a stiff 


gait pattern.*:7° 


Release versus transfer 


Distal transfer of the rectus femoris muscle is more effective than distal or proximal re- 


lease of the muscle at improving the timing and magnitude of peak knee flexion in swing 


phase 1,10,11,19 


Medial versus lateral transfer 
(transverse-plane kinematics) 


Choice of medial transfer site 


Transfer to either the medial or the lateral hamstring muscle groups has no consequence 
on the dynamic rotational alignment of the hip or knee in stance phase. '° 


Transfer of the rectus femoris muscle to the sartorius, gracilis, semimembranosus, or semi- 


tendinosus muscles will have a comparable benefit on sagittal-plane knee kinematics in 
swing phase.!:”:'®'! Of the medial hamstring muscles, the semitendinosus muscle is pre- 
ferred because of its myoarchitecture (long tendon length) and insertion site on the prox- 
imal tibia, which is the furthest from the knee joint center (optimizing the lever arm 
available for the transferred muscle).4 


Principles of tendon transfer 


To achieve an optimal result after rectus femoris muscle transfer, the four principles of 


tendon transfer must be considered: 


There must be adequate excursion of the transferred muscle-—tendon unit. The rectus 


femoris muscle is a biarticular muscle and should be transferred to another biarticular 
muscle (such as the semitendinosus). 


The line of pull of the transferred muscle—tendon unit should be as straight as possible. 


The long anterior thigh incision and intermuscular proximal release of the rectus femoris 
muscle must be performed. Adequate release of the rectus femoris muscle cannot be 
achieved through a small incision. 


The transfer path should occur through a plane that minimizes scarring. The transfer tun- 


nel for the rectus femoris muscle should be at the level of the subcutaneous fat, superfi- 
cial to the quadriceps fascia. 


The muscle transfer should be tensioned so the muscle belly is at a slight stretch, to opti- 


mize the length-tension relationship of the transferred muscle. The rectus femoris 
muscle transfer should be tensioned so the muscle is slightly tighter than the other por- 
tions of the quadriceps muscle group. 


POSTOPERATIVE CARE 


= Transfer of the rectus femoris muscle is rarely performed in 
isolation for children with CP, but rather a component of 
SEMLS. 

= If complete knee extension has been achieved after lengthen- 
ing of the medial hamstring muscles and transfer of the rectus 
femoris muscle, then the knee is protected in a knee immobi- 
lizer after surgery. The knee immobilizer is worn full time and 
the child is kept non-weight bearing for 2 weeks. 

= Passive knee range of motion is initiated at 1 to 2 weeks 
after surgery. 

=" Weight bearing and gait training are begun 2 to 6 weeks 
after surgery, depending on which other surgeries have been 
performed as a part of SEMLS. 

= Proper rehabilitation under the guidance of an experienced 
physical therapist is essential, as many children with CP who 
have undergone simultaneous lengthening of the medial ham- 
string muscles and distal transfer of the rectus femoris muscle 
as part of SEMLS will begin to ambulate with a quadriceps 
avoidance gait pattern. This should be corrected by appropri- 
ate gait training early in the rehabilitation phase. 


OUTCOMES 


= The goals of surgical transfer of the rectus femoris muscle 
are to improve the timing and magnitude of peak knee flexion 
in swing phase in order to correct an existing stiff gait pattern 
or to avoid the development of such a pattern after inappro- 
priate isolated lengthening of the medial hamstring muscles. 
Improved dynamic alignment at the knee during the swing 
phase of the gait cycle should result in improved gait efficiency 
and clearance of the swing limb. 
" Improvements in swing-phase knee kinematics after rec- 
tus femoris muscle transfer have been documented at 1 year 
after surgery and have been shown to be maintained at 5 
and 10 years of follow-up.t779910:11919519317:21 
= Distal transfer of the rectus femoris muscle to the medial 
hamstring muscles has been shown to be superior to proximal 
or distal release alone.'*1°!*!? 
= The site of transfer has been shown to have no impact on 
the dynamic transverse-plane alignment of the hip or knee 
during stance phase.'” 
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COMPLICATIONS 


= Theoretical complications, such as suprapatellar rupture of 
the knee extensor mechanism, lack of knee extension in stance 
phase due to excessive tightness of the transferred rectus 
femoris muscle, and weakening of the quadriceps muscle group 
after transfer of the rectus femoris muscle, have not been re- 
ported in the literature. 
= The principal functional complication after transfer of the 
rectus femoris muscle is persistent quadriceps avoidance gait 
pattern, which may occur in children with CP who have signif- 
icant spasticity and anxiety. 
" Proper rehabilitation under the direction of an experienced 
physical therapist is effective in managing this problem. 
=" The principal cosmetic complication after transfer of the 
rectus femoris muscle is an unsightly scar that may develop at 
the incision site on the anterior aspect of the thigh. This is a 
consequence of the preferred incision crossing the skin lines of 
Langer. 
= Scar formation is minimized by proper incision wound 
management (pressure applied by massage) during the post- 
operative rehabilitation phase. 
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Adductor Lengthening 


Freeman Miller and Kirk W. Dabney 


DEFINITION 


= Proximal hamstring lengthenings are primarily performed in 
the treatment of spastic hip subluxation, mainly in children 
prior to adolescence. 
=" Based on modeling studies, the hamstrings are a significant 
contribution to increasing the force in spastic hip disease, 
which causes hip subluxation. They are also a component that 
keeps the knees flexed and secondarily encourages flexion 
combined with spastic hip flexors, which causes the knee to 
fall into internal rotation and adduction, magnifying the influ- 
ence of the concomitant spastic adductors. 
" This posture of hip flexion and internal rotation and 
adduction, with the addition of high muscle force, tends to 
drive the hip posterosuperiorly out of the acetabulum. 
=" The primary period during which spastic hip disease 
occurs is 2 to 8 years of age, although some children are still 
at risk through their adolescent growth spurt and need to be 
monitored. 


ANATOMY 


=" Hamstring attachments on the pelvis are very broad muscular 
attachments and do not have a substantial amount of tendon. 

= The exception to this is that the semimembranosus tends to 
have a tendinous insertion and may be confused with the sci- 
atic nerve if care is not taken. 

= There tends to be some broad fascial insertion with both the 
biceps and the semitendinosus. 


PATHOGENESIS 


= Spastic hip disease is a pathologic force that has both an ab- 
normal direction of the vector and a force vector that is too 
high caused by spastic muscles. 

= The muscles, in order of their importance, are the adductor 
longus, the gracilis, the proximal insertion of the hamstrings, 
and the iliopsoas. 

= An important cause of spastic hip subluxation is positioning 
of the hip into internal rotation and hip flexion and adduction 
for a significant component of the child’s daily posturing. 


NATURAL HISTORY 


=" Abnormal hip subluxation typically begins around 2 years 
of age and then has a progression of about 10% of migration 
every 6 months if the progression is occurring. 

= Therefore, physical examination, monitoring of the hip in 
abduction, and an anteroposterior (AP) pelvis radiograph in 
which the Reimer migration index is measured every 6 months 
would be sufficient to pick up early spastic hip disease. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The concern for spastic hip disease is primarily present in chil- 
dren with spasticity, although some adolescents will be at risk. 


=" The primary physical examination finding is the limitation 
of hip abduction with hips extended and knees extended. 

= Also, a child whose predominant posture both in sitting and 
lying is with hip flexion adduction and internal rotation is at 


high risk, 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= The primary radiographic investigation is a supine AP pelvic 
radiograph in which the Reimer migration index is measured. 
=" Normal should be 25% or less at all ages. Abnormal is 
greater than 30%. 
= If there is a question as to whether this is the standard hip 
subluxation predominantly occurring in the posterosuperior 
aspect of the acetabulum, a CT scan may be obtained to fully 
evaluate the position of the hip joint. However, this is not rou- 
tinely required. 


DIFFERENTIAL DIAGNOSIS 


=" Hip subluxation secondary to developmental hip dysplasia 
=" Congenital hip dislocation 
=" Hypotonic hip dislocation 


NONOPERATIVE MANAGEMENT 


=" No conservative treatment options have been documented 
to be efficacious. 

= There have been several attempts at treating spastic hip sub- 
luxation with botulinum toxin injection; however, preliminary 
evidence suggests that the failure rate is high and the need for 
later reconstruction will be higher than with adequate surgical 
release. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= The indications for the procedure are a migration index of 
30% to 60% in a child who is less than 8 to 10 years of age 
and has limited hip abduction, meaning less than 30 degrees of 
hip abduction with hips and knees extended. 

= This examination should be performed under anesthesia. 

= The goal of the treatment is to have the child lie without any 
force or pushing with bilateral hip abduction of more than 
45 degrees at the end of the operative procedure. 

=" The indication for proximal hamstring lengthening is a 
popliteal angle of greater then 45 degrees with the child under 
anesthesia. 


Positioning 

=" Proximal hamstring release combined with adductor length- 
ening is performed with the patient supine and with an adhe- 
sive drape placed over the groin. 
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Approach 


Section IV NEUROMUSCULAR CORRECTION 


= There are two approaches to proximal hamstring release. 

=" One is a straight posterior approach. However, this ap- 
proach has the negative consequences of going through the 
area of major weight bearing for sitting. 





EXPOSURE 


An incision is made from the anterior border of the ad- 
ductor longus for 2 cm posterior in a transverse plane 
(TECH FIG 1A). 

The adductor longus is identified with a longitudinal 
opening of the fascia realigning the adductor longus and 





MYOTOMY 


The gracilis fascia is opened and a complete gracilis my- 
otomy is performed (TECH FIG 2A). 

If the hip abduction with hip extended and under minimal 
force is now less than 45 degrees, the anterior branch of 
the obturator nerve is protected and the adductor brevis 


= For this reason, it is preferred to do an approach through 
the medial groin as part of an adductor lengthening going 
through the fascial compartment of the gracilis. 
= Only the approach to the gracilis as part of a full adduc- 
tor lengthening is described here. 


is completely transected, with vigilance to ensure that 
the anterior branch of the obturator nerve is protected 
by visualizing it (TECH FIG 1B). 


TECH FIG 1 « A. The incision is made 
from the anterior border of the ad- 
ductor longus for 2 cm posterior in a 
transverse plane. B. The adductor 
longus is exposed and completely 
transected, making sure the anterior 
branch of the obturator nerve is pro- 
tected. (From Miller F. Cerebral Palsy. 
New York: Springer-Verlag, 2005. 
Copyright Springer Science and 
Business Media, Inc.) 


is identified, and sequential myotomy is performed until 
more than 45 degrees of abduction is obtained. 

m= If the child is not and will not be ambulatory and the hip 
migration is over 50%, the anterior branch of the obtu- 
rator nerve is transected (TECH FIG 2B). 





TECH FIG 2 « A. The gracilis is identified and a complete gracilis myotomy performed. B. The anterior 
branch of the obturator nerve is protected and the adductor brevis identified. A sequential myotomy is 
performed of the adductor brevis until more than 45 degrees of abduction is possible with minimal force. 
If the child is not and will not be ambulatory and the hip migration is over 50%, the anterior branch of 
the obturator nerve is transected. (From Miller F. Cerebral Palsy. New York: Springer-Verlag, 2005. 
Copyright Springer Science and Business Media, Inc.) 
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ILIOPSOAS TENOTOMY 


The interval between the adductor brevis and pectineus 
or the interval between the pectineus and the neurovas- 
cular bundle is opened to the iliopsoas tendon. 

A complete tenotomy of the iliopsoas tendon is per- 
formed if the child is nonambulatory. If the child is 


_ 
' 


— 


i 
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ambulatory, the tendon is retracted proximally until only 
the fascia of the psoas is tenotomized, leaving intact the 
large muscular iliacus (TECH FIG 3). 
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neurovascular bundle is opened to the iliopsoas tendon. A 


complete tenotomy of the iliopsoas tendon is performed if 
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HAMSTRING LENGTHENING 


The fascial compartment of the gracilis is opened pos- 
teriorly, and, with digital dissection, the posterior com- 
partment muscles of the hamstrings are separated (TECH 
FIG 4A). 

The interval between the adductor magnus, which does 
not contract with knee flexion—extension, is separated from 


A right-angled clamp is then placed around the muscle 
mass and it is pulled anteriorly into the surgical wound 
for visualization with the hip extended and the knees 
flexed (TECH FIG 4D). 

=  Electrocautery is used and the muscle is transected. 

= Any fascial or tendinous material is carefully inspected 


the semimembranosus and semitendinosus (TECH FIG 4B). and stimulated with a nerve stimulator to make ab- 
= The femur is palpated with the finger, and then the solutely sure that it is not the sciatic nerve. 
semimembranosus and semitendinosus and biceps mus- = |t must be clear that the anesthesiologist has not had 
cles are all separated, leaving the sciatic nerve against the child under paralysis, and there should be good 
the femur (TECH FIG 4C). muscle twitches documented by the anesthesiologist. 
= The sciatic nerve can be palpated on the posterior as- 
pect of the femur along the linea aspera. 


Adductor longus, brevis, magnus . 
—_ 


Pectineus 








Femoris 


Semitendinosus 






emimembranosus 
a i ara Bice 
™=B Linéa aspera Biceps C 


TECH FIG 4 e A. The fascial compartment of the gracilis is opened posteriorly, and the 
posterior compartment muscles of the hamstrings are separated using digital dissection. 
B. The interval between the adductor magnus, which does not contract with knee—flex- 
ion extension, is separated from the semimembranosus and semitendinosus. C. The 
femur is palpated with the finger and then the semimembranosus and semitendinosus 
and biceps muscles are all separated, leaving the sciatic nerve against the femur. D. A 
right-angled clamp is then placed around the muscle mass and it is pulled anterior into 
the surgical wound for visualization with the hip extended and the knees flexed. 
. Electrocautery is used and the muscle is transected. (From Miller F. Cerebral Palsy. New 
D York: Springer-Verlag, 2005. Copyright Springer Science and Business Media, Inc.) 
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= The popliteal angle is checked again. 
= It should have gone from greater than 45 degrees to 
about 20 to 30 degrees. 
= The surgeon should not stretch the popliteal angle 
without palpating the sciatic nerve, which tends to be- 
come very tight, and must be careful not to overstretch 





POSTOPERATIVE CARE 


= The patient is placed in knee immobilizers. 

=" Pain is controlled typically with morphine and spasticity 
with diazepam given orally or rectally. Diazepam should be 
used on a standing order for 48 hours. 

=" Care is taken not to overstretch the hamstrings, especially in 
the first 2 or 3 weeks, for fear of causing sciatic nerve palsy, 
particularly in individuals with severe contractures. 

=" Removable Velcro enclosed knee immobilizers are used 8 to 
12 hours a day. 


OUTCOMES 


= The goal of the surgical treatment is primarily to improve the 
child’s standing ability, if the child is able, and secondly to treat 
the spastic hip disease. About two thirds of patients whose mi- 
gration index is 30% to 60% and who are 2 to 8 years old will 
not require further treatment for their spastic hip disease, and the 
hip subluxation will resolve either completely or to a major level. 
=" For children whose hip subluxation does not resolve, recon- 
struction with femoral and pelvic osteotomy may be required. 
= It is important to monitor hip radiographs in individuals, 
even those who have responded well at an early age, through- 
out their whole adolescent growth, because recurrent subluxa- 
tion may occur as late as the adolescent growth period. 

= After complete maturation of growth, hips should have a 
migration percentage of less than 40%. There does not need to 


COMPLETION AND WOUND CLOSURE 


the hamstrings at this point for fear of causing sciatic 
nerve palsy. 
= The wounds are closed with a longitudinal closure of the 
fascial wound and a transverse closure of the subcuta- 
neous wound and skin wound. 


be further monitoring or concern after the completion of skele- 
tal growth. 


COMPLICATIONS 


= The primary complication is sciatic nerve palsy. If it occurs, 
sciatic nerve palsy tends to occur from overstretching the nerve 
in the postoperative period. 

=" Wound infections are rare and can usually be treated with 
local care. 

= Heterotopic ossification may occur, especially if the ilio- 
psoas is released through the apophysis of the lesser trochanter. 
=" Proximal hamstring lengthenings during adolescence also 
run an increased risk of developing heterotopic ossification in 
the proximal muscle release site. 
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43 Distal Hamstring Lengthening 


Jon R. Davids 


DEFINITION 


= The gait pattern of children with cerebral palsy (CP) is fre- 
quently disrupted by dynamic overactivity and shortening of 
the medial hamstring muscles. 

= This disruption is characterized by increased knee flexion in 
stance phase, and decreased knee extension at the end of swing 
phase. 

= Surgical lengthening of the medial hamstrings is usually per- 
formed in conjunction with other surgical procedures selected 
to address all elements of soft tissue and skeletal dysfunction 
that compromise gait in children with CP. 

= This surgical strategy, termed single-event multilevel surgery 
(SEMLS), requires a comprehensive assessment of gait dys- 
function using quantitative gait analysis. 

= Proper management (surgical, orthotic, and rehabilitative) 
in childhood can result in an improved gait pattern that will be 
sustainable in the adult years. 


ANATOMY 


= The medial hamstrings consist of three muscles: the gracilis, 
the semimembranosus, and the semitendinosus. All three are 
considered biarticular muscles because they cross both the hip 
joint and knee joint. 
" The gracilis muscle is innervated by the obturator nerve 
and has its origin on the inferior pubic ramus and its inser- 
tion on the anteromedial aspect of the proximal tibia. It 
serves as a hip adductor and knee flexor. The gracilis mus- 
cle has a relatively small physiologic cross-sectional area and 
a relatively large ratio of tendon length to muscle fiber 
length, indicating that it is designed for maximal excursion 
and diminished force generation.” 
" The semimembranosus muscle is innervated by the sciatic 
nerve and has its origin on the inferolateral portion of the is- 
chium and its insertion on the posteromedial aspect of the 
proximal tibia. It serves as a hip extensor and knee flexor. 
The semimembranosus muscle has a relatively large physio- 
logic cross-sectional area and a relatively small ratio of ten- 
don length to muscle fiber length, indicating that it is designed 
for minimal excursion and increased force generation.””” 
= The semitendinosus muscle is innervated by the sciatic 
nerve and has its origin on the inferomedial portion of the is- 
chium and its insertion on the anteromedial aspect of the 
proximal tibia. It serves as a hip extensor and knee flexor. 
The semimembranosus muscle has a relatively small physio- 
logic cross-sectional area and a relatively large ratio of tendon 
length to muscle fiber length, indicating that it is designed for 
maximal excursion and diminished force generation.” 
= The lateral hamstrings consist of the biceps femoris muscle, 
which is innervated by the sciatic nerve. The muscle is consid- 
ered to be uniarticular, crossing only the knee joint, with its 
origin on the posterior aspect of the middle third of the femur 
and its insertion on the fibular head. It serves as a knee flexor. 


The biceps femoris muscle has a relatively large physiologic 
cross-sectional area and a relatively small ratio of tendon 
length to muscle fiber length, indicating that it is designed for 
minimal excursion and increased force generation.”” 


PATHOGENESIS 


=" CP is the consequence of an injury to the immature brain 
that may occur before, during, or shortly after birth. The na- 
ture and location of the injury to the central nervous 
system (CNS) determines the neuromuscular and cognitive 
impairments. 

=" Common functional deficits are related to spasticity, im- 
paired motor control, and disrupted balance and body posi- 
tion senses. 

= Although the injury to the CNS is not progressive, the clin- 
ical manifestations of CP change over time because of growth 
and development of the musculoskeletal system. The muscles 
typically exhibit a purely dynamic dysfunction during the first 
6 years of life, characterized by a normal resting length and an 
exaggerated response to an applied load or stretch. With time, 
between 6 and 10 years of age, the muscles develop a fixed or 
myostatic shortening, resulting in a permanent contracture. 

= As such, it is best to consider CP not as a single specific dis- 
ease process, but rather a clinical condition with multiple pos- 
sible causes. * 


NATURAL HISTORY 


=" Ambulatory children with CP whose gait is disrupted by 
overactivity and shortening of the medial hamstring muscles 
typically walk with increased knee flexion in stance phase and 
diminished knee extension in swing phase. 
" This is usually associated with increased ankle plan- 
tarflexion in stance phase and is called a “jump” gait 
pattern. !*°!¢ 
= Children with a jump gait pattern will have overactivity 
of the medial hamstring muscle group; the lateral hamstring 
muscle group is rarely involved. 
= As the child gets older and heavier, ankle plantarflexor in- 
sufficiency (due to muscle weakness and foot segmental 
malalignment) will eventually occur. This will result in increas- 
ing ankle dorsiflexion and knee flexion in stance phase, which 
is called a “crouch” gait pattern.'?>'¢ 
" Teenagers with a severe crouch gait pattern will have in- 
volvement of both the medial and lateral hamstring muscle 
groups. 
= As the ground reaction force falls further and further behind 
the knee during the stance phase in crouch gait, the demands 
on the knee extensor muscles increase, eventually resulting in 
painful patellofemoral overload. 
" For this reason the crouch gait pattern is not sustainable, 
and by the late teenage or young adult years individuals 
with this gait pattern frequently lose the ability to ambulate. 
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PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The clinical history, as provided by the child and the parents, 
usually contains complaints of inability to stand up straight, in- 
ability to keep up with peers in play and sports, inability to walk 
distances (such as at the grocery store or the mall), and anterior 
knee pain after walking activities or at the end of the day. 





FIG 1 ° Standing lateral radiograph of the knee in a child with 
cerebral palsy and a crouch gait pattern. There is a patella alta, 
with fragmentation of the inferior pole of the patella, indicat- 
ing chronic overload of the knee extensor mechanism. 
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= A straight-leg raise of 60 degrees or less is indicative of 
shortening of the medial hamstrings. 
=" A popliteal angle of 45 degrees or greater is indicative of 
shortening of the medial hamstrings. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographic imaging is not required when determining the 
need for lengthening of the medial hamstrings to improve gait 
in children with CP. 
" If lateral radiographs of the knee are obtained, however, 
they will frequently show patella alta, with fragmentation of 
the inferior pole of the patella; these are the sequelae of 
chronic and progressive patellofemoral overload (FIG 1). 
=" Relevant data from quantitative gait analysis include sagit- 
tal-plane kinematics and kinetics at the knee, and dynamic 
electromyography (EMG) of the medial hamstrings. 
" Sagittal-plane knee kinematics will show increased knee 
flexion of greater than 20 degrees at initial contact in loading 
response at the beginning of stance phase, and diminished 
knee extension at terminal swing at the end of swing phase 
(FIG 2A).* Midstance alignment of the knee may be variable. 

In jump gait pattern, full knee extension in midstance 
may occur. This is not a contraindication to lengthening 
of the medial hamstrings. 

In crouch gait pattern, increased knee flexion will be of 
greater magnitude and is present throughout the stance 
phase. 

= Sagittal-plane knee kinetics will show an increased inter- 
nal knee extension moment in stance phase (FIG 2B).'° 
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FIG 2 « Sagittal-plane knee kinematic plots of a child with a jump gait pattern (A) and kinetic plots of a child with crouch gait pat- 
tern (B). The age-matched normal motion (mean + 2 standard deviations) appears as a light purple band and the subject's data are 
indicated by a blue line. A. The gait cycle is on the horizontal axis, the direction of motion on the vertical axis. Kinematic indicators 
for lengthening of the medial hamstrings are increased flexion at initial contact and diminished extension at terminal swing 
(arrows). B. The gait cycle is on the horizontal axis, the internal moment on the vertical axis. Crouch gait pattern is characterized by 
an increased internal extension moment at the knee throughout stance phase (red arrows). C. Dynamic electromyography (EMG) of 
the medial hamstrings in a child with cerebral palsy. Three gait cycles are shown, separated by the solid vertical lines. The stance 
and swing phases of each cycle are separated by the dashed vertical lines. The normal timing of activation of the muscle is noted by 
the horizontal red lines at the bottom of the strip. The actual timing of activation of the muscle for the subject is shown by the os- 
cillating red line at the middle of the strip. The dynamic EMG indicator for lengthening of the medial hamstring muscles is pro- 
longed activity in midstance (indicated by the circles in each gait cycle). 


In jump gait pattern, the increased knee moment will 
occur in the loading response and terminal stance sub- 
phases of stance phase. 

In crouch gait pattern, the increased knee moment will 
be of greater magnitude and will occur throughout the 
stance phase. 

=" Dynamic EMG of the medial hamstrings will show pro- 
longed activity of the muscle group into the mid- and termi- 
nal stance subphases of stance phase (FIG 2C). 


DIFFERENTIAL DIAGNOSIS 


= Increased knee flexion in stance phase may be the conse- 
quence of: 
" Overactivity or shortening of the medial hamstring 
muscles 
Surgical lengthening of the medial hamstring muscles is 
appropriate. 
= Ankle plantarflexor insufficiency, with disruption of the 
ankle plantarflexion— knee extension couple. This may be a 
consequence of muscle weakness or foot skeletal segmental 
malalignment, resulting in lever arm deficiency.®**!> 
The ankle plantarflexor insufficiency must be addressed 
directly to improve the gait deviation at the knee. 
" Dyskinetic CP, with disrupted balance and body posi- 
tion sense. In such cases, mildly increased knee flexion in 
stance phase gives a sense of stability to the child and is 
habitual. 
Surgical lengthening of the medial hamstring muscles 
will not correct the gait deviation in this situation. 
=" Increased knee flexion at the end of swing phase may be a 
consequence of: 
" QOveractivity or shortening of the medial hamstring muscles 
Surgical lengthening of the medial hamstring muscles is 
appropriate. 
= Increased ankle plantarflexion at the end of swing phase. 
Increased knee flexion will occur in swing phase to promote 
limb clearance and improve the foot position in the transi- 
tion from swing to stance phase. 
" Decreased hip flexion in swing phase. Increased knee flex- 
ion will occur in swing phase to promote limb clearance. 


NONOPERATIVE MANAGEMENT 


= In children less than 6 years of age, with primarily dynamic 
deformity of the medial hamstrings, a community- or home- 
based stretching program may be effective at improving knee 
extension during gait for a limited period of time. 

= Injection of botulinum toxin into the medial hamstrings, 
which decreases muscle spasticity via a reversible neuromuscu- 
lar blockade, may also be effective for dynamic deformity in 
younger children.* 

= Serial stretch casting of the knee has been shown to be effec- 
tive for the treatment of mild myostatic deformity of the me- 
dial hamstrings, particularly after surgical lengthening.'® 

=" Use of an ankle-foot orthosis may be effective treatment for 
increased knee flexion in stance phase that is the consequence 
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of ankle plantarflexor insufficiency and disruption of the ankle 
plantarflexion—knee extension couple.° 


SURGICAL MANAGEMENT 


=" Achieving optimal outcome after lengthening of the medial 
hamstring muscles requires careful patient selection, proper 
surgical technique, appropriate postoperative orthotic man- 
agement, and adequate rehabilitation resources (primarily 
physical therapy for conditioning and gait training) in the 
months after the surgery. 


Preoperative Planning 


=" Optimal clinical decision making and preoperative planning 
require the integration of data from five fields—clinical his- 
tory, physical examination, diagnostic imaging, quantitative 
gait analysis, and examination under anesthesia—in a process 
described as a diagnostic matrix.* 
=" When considering lengthening of the medial hamstrings, the 
examination under anesthesia should include repeating the 
straight-leg raise and popliteal angle measurements as de- 
scribed above. 
" In children with CP that includes significant spasticity, it 
is frequently difficult to determine the relative contributions 
of dynamic overactivity and myostatic contracture to mus- 
cle deformity and dysfunction. When the child is under 
anesthesia, the spastic component is effectively removed, al- 
lowing the physician to perform a clinical examination to 
determine the presence or absence of myostatic or fixed 
muscle shortening. 
" Surgical lengthening of the muscle is most appropriate 
when significant myostatic or fixed shortening is present. 
=" Lengthening of the lateral hamstring muscle is not necessary 
for children with either jump or crouch gait patterns. 
" Lateral hamstring lengthening is indicated only for 
teenagers with a severe crouch gait pattern, whose popliteal 
angle measurement fails to improve adequately (as described 
below) after lengthening of the medial hamstring muscles. 
Positioning 
=" The child is placed on the operating table in the supine 
position. 
= A tourniquet may be placed about the most proximal por- 
tion of the thigh. The extremity is carefully cleaned and draped 
to allow adequate exposure for the surgical approach to the 
medial hamstring muscles. Use of a tourniquet to minimize 
blood loss and maximize the operative exposure is favored 
when performing SEMLS that includes both soft tissue and 
skeletal surgeries. 


Approach 


=" The medial hamstring muscles are usually exposed via a 
posteromedial approach at the distal third of the thigh. 

= This approach is particularly appropriate when lengthen- 
ing of the medial hamstring muscles and transfer of the rec- 
tus femoris muscle are to be performed at the same time as 
part of SEMLS. 
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A 6- to 10-cm incision is made over the posteromedial 

margin of the distal third of the thigh, ending two or 

three fingerbreadths proximal to the posterior skin 

crease of the knee joint (TECH FIG 1A). 

The incision is carried down through the subcutaneous 

tissues, past the saphenous vein and the sartorius muscle, 

exposing the three muscles of the medial hamstring mus- 

cle group (TECH FIG 1B). 

=" The gracilis and semimembranosus muscles are ex- 
posed at the level of their myotendinous junction, and 
the semitendinosus is exposed at the level of its distal 
tendon. 

A proximal tenodesis is performed between the gracilis 

(at its myotendinous junction) and the semitendinosus 

(at its proximal tendon), using two throws of a nonab- 

sorbable suture (TECH FIG 1C). 

The semitendinosus muscle is then completely transected 

1 cm distal to the tenodesis with the gracilis muscle 

(TECH FIG 1D). 


LENGTHENING OF THE MEDIAL HAMSTRING MUSCLES (IN CONJUNCTION 
WITH TRANSFER OF THE RECTUS FEMORIS MUSCLE) 


A fractional lengthening of the semimembranosus mus- 

cle is performed, using two transverse incisions, sepa- 

rated by 2 cm, through the broad and thin tendon over- 

lying the muscle at the musculotendinous junction (TECH 

FIG 1E). 

™ Care should be taken not to cut the muscle tissue un- 
derlying the tendon at this level. 

A fractional lengthening of the gracilis muscle is per- 

formed, using a single transverse incision located 1 cm 

distal to the tenodesis with the semitendinosus (TECH 

FIG 1F). 

™ Care should be taken not to cut the muscle tissue un- 
derlying the tendon at this level. 

Repeat assessment of the popliteal angle is made after 

lengthening of the medial hamstring muscles. 

= The angle should be improved (ie, decreased) by 30 to 
40 degrees. 





TECH FIG 1 « Medial views of the right knee. A. The posteromedial skin incision used for exposure of the 
medial hamstring muscles. B. The three muscles of the medial hamstrings group—the gracilis (solid 
arrow), the semimembranosus (dashed arrow), and the semitendinosus (dotted arrow). Each has distinct 
myoarchitecture. C. Proximal tenodesis of the gracilis and the semitendinosus muscles (circle). D. The ten- 
don of the semitendinosus has been transected (arrow) distal to the tenodesis (red circle). E. A two-level 
fractional lengthening (arrows) of the semimembranosus muscle has been performed. F. A fractional 
lengthening (arrow) of the gracilis muscle has been performed distal to the tenodesis of the gracilis and 


semitendinosus muscles (circle). 
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LENGTHENING OF THE LATERAL HAMSTRING MUSCLE 


A 3- to 5-cm incision is made over the posterolateral mar- 
gin of the distal third of the thigh, posterior to the pos- 
terior margin of the iliotibial band, ending three to five 
fingerbreadths proximal to the head of the fibula (TECH 
FIG 2A). 

The incision is carried down through the subcutaneous 
tissues, past the posterior margin of the iliotibial band, 
exposing the biceps femoris at the level of its myotendi- 
nous junction (TECH FIG 2B). 





= The common peroneal nerve, which is located adja- 
cent to the posteromedial margin of the biceps 
femoris muscle, should be identified and gently re- 
tracted away from the muscle before lengthening. 

A fractional lengthening of the biceps femoris muscle is 

performed, using a single transverse incision (TECH 

FIG 2C). 

= Care should be taken not to cut the muscle tissue un- 
derlying the tendon at this level. 





TECH FIG 2 e Lateral views of the right knee. A. The posterolateral skin incision used for exposure of the 
lateral hamstring muscle. B. The lateral hamstring muscle is exposed at the myotendinous junction, which is 
relatively wide and long. The myoarchitecture of the biceps femoris muscle is similar to the semimembra- 
nosus muscle. C. A single-level fractional lengthening of the biceps femoris muscle has been performed. 


FRACTIONAL LENGTHENING OF THE MEDIAL HAMSTRING MUSCLES 
(WITHOUT CONCOMITANT TRANSFER OF THE RECTUS FEMORIS MUSCLE) 


A 6- to 10-mm incision is made over the posteromedial 
margin of the thigh, at the juncture between the middle 
and proximal thirds (TECH FIG 3A). 

The incision is carried down through the subcutaneous 
tissues, exposing the three muscles of the medial ham- 
string group. 
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=" The gracilis, semimembranosus, and semitendinosus 
muscles are all exposed at the level of their myotendi- 
nous junction (TECH FIG 3B). 

A fractional lengthening of each of the three muscles is 

performed, using two transverse incisions, separated by 

2 cm, for the semimembranosus muscle, and a single 





TECH FIG 3 e A. Medial view of the right knee, showing the posteromedial skin incision used for 
exposure of the medial hamstring muscles. The incision is more proximal than that used for per- 
forming medial hamstring lengthening in conjunction with transfer of the rectus femoris muscle. 
B. Medial view of the incision in the right thigh, showing the three muscles of the medial ham- 
strings group—the gracilis (solid arrow), the semimembranosus (dashed arrow), and the semi- 
tendinosus (dotted arrow). All three muscles have been exposed at the level of their myotendi- 
nous junctions. C. Fractional lengthening has now been performed on each of the three muscles. 
Single-level fractional lengthening is sufficient for the gracilis (solid arrow) and semitendinosus 
(dotted arrow) muscles. A double-level fractional lengthening is usually necessary for the semi- 


membranosus muscle (dashed arrow). 


305 | 








306 


Section IV NEUROMUSCULAR CORRECTION 


incision each for the gracilis and semitendinosus muscles, 

through the broad and thin tendon overlying the muscle 

at the musculotendinous junction. 

= Care should be taken not to cut the muscle tissue un- 
derlying the tendon at this level (TECH FIG 3C). 


Repeat assessment of the popliteal angle is made after 

fractional lengthening of the medial hamstring muscles. 

= The angle should be improved (ie, decreased) by 15 to 
30 degrees. 


COMBINED FRACTIONAL LENGTHENING AND TRANSFER OF MEDIAL 
HAMSTRING MUSCLES (WITHOUT CONCOMITANT TRANSFER OF THE 
RECTUS FEMORIS MUSCLE) 





A 6- to 10-cm incision is made over the posteromedial 
margin of the distal third of the thigh, ending two to 
three fingerbreadths proximal to the posterior skin 
crease of the knee joint (TECH FIG 4A). 
The incision is carried down through the subcutaneous tis- 
sues, past the saphenous vein and the sartorius muscle, ex- 
posing the three muscles of the medial hamstrings group. 
= The gracilis and semimembranosus muscles are ex- 
posed at the level of their myotendinous junction, and 
the semitendinosus is exposed at the level of its distal 
tendon. 
A clamp is placed on the proximal portion of the tendon 
of the semitendinosus muscle, and the tendon is tran- 
sected distally (TECH FIG 4B). 





The gracilis muscle is transected proximally at the my- 

otendinous junction, and the proximal portion of the 

muscle is released (TECH FIG 4C). 

The gracilis and semitendinosus muscles are retracted to 

expose the myotendinous junction of the semimembra- 

nosus muscle, where a two-level fractional lengthening is 

performed (TECH FIG 4D). 

The proximal portion of the semitendinosus muscle—ten- 

don unit is transferred to the distal portion of the gracilis 

tendon and is secured with two throws of a nonab- 

sorbable suture (TECH FIG 4E). 

Repeat assessment of the popliteal angle is made after 

combined fractional lengthening and transfer of the me- 

dial hamstring muscles. 

= The angle should be improved (ie, decreased) by 30 to 
4O degrees. 


TECH FIG 4 e Medial view of the 
right knee. A. The posteromedial 
skin incision used for exposure of 
the medial hamstring muscles. B. 
A clamp is placed on the proximal 
portion of the tendon of the semi- 
tendinosus muscle (solid circle), 
and the tendon (dotted line) is re- 
leased distally (dotted circle). C. 
The tendon of the gracilis muscle 
(arrow) is released proximally at 
the muscle’s myotendinous junc- 
tion (circle). D. A two-level frac- 


tional lengthening (arrows) of the semimembranosus muscle has been performed. E. The proximal 
portion of the semitendinosus muscle—tendon unit (dotted arrow) is transferred to the distal por- 
tion of the tendon of the gracilis muscle (solid arrow). The transfer is secured with two throws of a 


nonabsorbable suture (circle). 
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Patient selection 


=® Hamstring lengthening should be considered only for children with increased knee flexion in 


stance phase due to overactivity or fixed shortening (ie, contracture) of the hamstring muscles. 
Increased knee flexion due to ankle plantarflexor insufficiency (best managed by appropriate 
soft tissue and skeletal surgery at the foot and ankle, and appropriate orthotic management) 
will not be improved by lengthening of the hamstrings. 


Excessive lengthening 


= The popliteal angle should improve by 30 to 40 degrees on the examination after lengthening 


of the medial hamstring muscles. Aggressive lengthening to “improve” the popliteal angle 
closer to 0 degrees may result in excessive lengthening, and subsequent weakness, of the 
medial hamstring muscles. It is the change in, not the absolute magnitude of, the popliteal 
angle that is the proper goal of the surgical lengthening. 


Indications for lengthening of 
the lateral hamstring muscle 


=™ Lengthening of the lateral hamstring muscle is not necessary for children with either jump or 
crouch gait patterns. Lateral hamstrings lengthening is indicated only for teenagers with a 


severe crouch gait pattern whose popliteal angle measurement fails to improve adequately 
after lengthening of the medial hamstring muscles. Because of its myoarchitecture, the biceps 
femoris muscle is extremely sensitive to lengthening. Inappropriate lengthening of the lateral 
hamstring muscle may result in excessive weakness, resulting in a recurvatum gait pattern (char- 
acterized by rapid and excessive knee hyperextension in stance phase). 


Residual flexion deformity at 
the knee after lengthening of 
the hamstring muscles 


= In older children and teenagers with a longstanding jump or crouch gait pattern, lengthening 
of the hamstring muscles alone may not result in complete knee extension when the hip is 
placed in extension. This finding indicates the presence of contracture due to deformity of the 


joint capsular and ligamentous structures, and shortening of the neurovascular elements. 
Release of joint capsular and ligamentous structures to achieve full extension may result in a 
stretch injury (neuropraxia) of the sciatic nerve and knee instability. These procedures are no 
longer recommended. Serial stretch casting is preferred in this situation. 


Avoiding neuropraxia after 
lengthening of the hamstring 
muscles 


= Forced immobilization of the extremity in extreme extension at the knee after lengthening of 
the hamstring muscles will be uncomfortable for the child and may also result in a neuropraxia 
to the sciatic nerve. Such an injury, which is painful and slow to recover, may significantly 


disrupt or prolong the rehabilitation phase following SEMLS. A neuropraxia is best avoided by 
immobilizing the extremity in a position of knee extension as achieved against gravity alone, 
and performing gradual serial stretch casting to achieve complete knee extension in the weeks 


after surgery.'® 


POSTOPERATIVE CARE 


=" Lengthening of the hamstring muscles is rarely performed in 
isolation for children with CP; rather, it is usually a compo- 
nent of SEMLS. 

= If full knee extension against gravity can be achieved imme- 
diately after surgery, use of a knee immobilizer is appropriate. 
= Passive knee range of motion is initiated at 1 to 2 weeks 
after surgery. 

=" Weight bearing and gait training are begun 2 to 6 weeks 
after surgery, depending on which other surgeries have been 
performed as a part of SEMLS. 

= If full knee extension cannot be achieved, a long-leg fiber- 
glass cast is applied with the knee positioned in extension 
against gravity alone. 

= The cast is univalved in the operating room to accommodate 
postoperative swelling and facilitate spreading of the cast in 
the first few days after surgery. 

=" Gradual serial stretch casting, correcting the residual knee 
flexion deformity at a rate of 5 degrees per week, is instituted.'® 


OUTCOMES 


=" The early goals of surgical lengthening of the hamstring 
muscles are to improve knee extension at initial contact in 
stance phase and at terminal swing in swing phase. 

=" Improved dynamic alignment during gait (kinematics) 
should result in improved loading of the knee (kinetics) in 
stance phase. 1*8:11:19:17 


= Intermediate follow-up at 10 years after SEMLS has shown 
that kinematic and kinetic improvements after surgery are 
maintained despite deterioration in the static findings on phys- 
ical examination.” 


COMPLICATIONS 


=" The most common and significant early complication 
after lengthening of the hamstrings is neuropraxia of the 
sciatic nerve, which is due to excessive stretching of the 
nerve after correction of the dynamic and static knee flexion 
deformities. 
=" Neuropraxia of the sciatic nerve is characterized by pain 
and hypersensitivity about the foot. When this problem is 
encountered acutely in the immediate postoperative period, 
the position of immobilization of the knee should be ad- 
justed toward increased flexion to relax the nerve. 
" If a neuropraxia develops during the period of serial 
stretch casting of a residual knee flexion contracture, the 
stretch casting should be terminated for 1 to 2 weeks, and 
then resumed at a slow rate. 
= If a neuropraxia is first appreciated during the rehabilita- 
tion period, management with medications such as 
gabapentin (mechanism of effect unknown) and physical 
therapy modalities for desensitization are appropriate. 
=" Recurrence of knee flexion deformity and increased knee 
flexion during the stance phase of gait may occur in the years 
after surgery due to a variety of factors. 
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" As children grow, they pass through finite periods of 
accelerated rates of growth (growth spurts), where the lon- 
gitudinal growth of the bones is greater than that of the 
muscles. 

Muscle shortening may recur and is usually effectively 
treated with a period of home- or community-based 
stretching exercises. 

" As children grow, they get heavier, and as a result greater 
muscle forces are required to balance external forces during 
gait. Weakness of the ankle plantarflexor, knee extensor, 
and hip extensor muscles is common and may result in de- 
velopment of a crouch gait pattern in the years after SEMLS. 

Avoidance of obesity and ongoing muscle strength 
training and cardiovascular conditioning are important 
elements for maintaining optimal gait function in children 
with CP. 
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Gastrocnemius Fascia 
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Lengthening 


James J. McCarthy and David A. Spiegel 


DEFINITION 


=" Lengthening of the gastrocnemius fascia is commonly per- 
formed for conditions in which the patient positions the foot 
in equinus either while standing or walking. 

= Equinus is defined as plantarflexion of the ankle. It can be 
measured both clinically and radiographically. 

= The most common condition in which this procedure is per- 
formed is cerebral palsy, but other disorders, such as idiopathic 
toe walking, posttraumatic or surgical treatments, and other 
neuromuscular disorders, such as Duchenne muscular dystro- 
phy, can also result in an equinus of the foot. 

= Patients with some disorders, such as Charcot-Marie-Tooth 
disease, may appear to have equinus, but the true deformity is 
plantarflexion of the midfoot. 


ANATOMY 


=" The medial and lateral heads of the gastrocnemius muscles, 
the soleus and the plantaris muscles, form the triceps surae. 
Although all are part of the same muscle group, their structure 
and function differ. 
= The larger medial head of the gastrocnemius arises from the 
popliteal surface of the femur just above the medial femoral 
condyle, and the lateral head originates from the superolateral 
surface of the lateral femoral condyle. 
=" The medial and lateral muscle bellies insert into a midline 
tendinous raphe that widens into the aponeurosis of the gas- 
trocnemius at or just above the midcalf. This tendon unites 
with the soleus and forms the conjoined tendon, which inserts 
into the calcaneus by way of the tendo Achilles. 
= The gastrocnemius spans the ankle and knee joint and there- 
fore can plantarflex the ankle or flex the knee. 
" It typically has fast twitch type II muscle fibers, which are 
responsible for short, powerful bursts of activity, such as 
running and jumping. 
= The soleus lies deep (anterior) to the gastrocnemius muscle. It 
originates on the proximal tibia and inserts with the gastrocne- 
mius into the conjoined tendon. Contraction results in only 
ankle plantarflexion. It is made up of primarily slow twitch type 
I muscle fibers and is responsible for primarily postural control. 
=" The plantaris arises just above the lateral head of the gas- 
trocnemius and inserts into the calcaneus. It is largely vestigial 
and should be released at the time of surgery. 
= The gastrocnemius can be selectively released or lengthened 
either at its origin, which is uncommonly done, or the tendon 
of the gastrocnemius, proximal to the conjoined tendon. 
" Lengthening at or below the conjoined tendon (ie, the 
tendo Achilles) lengthens the entire triceps surae. 


PATHOGENESIS 


= Equinus positioning of the foot can occur due to: 
" Increased tone or spasticity of the triceps surae muscles 
= Shortening of some or all of the muscles 


" Joint contracture 
" Bony deformity 
= It is critical to determine the cause of the equinus because 
the treatment options differ in each circumstance. 
= The initiating cause of this disorder varies. 
" Spasticity, weakness, and subsequent shortening of the 
muscle group can occur secondary to neuromuscular disor- 
ders such as cerebral palsy. 
" Relative shortening of the triceps surae, as occurs when 
the tibia is lengthened, or fixed positioning of the foot in 
equinus, such as prolonged casting in plantarflexion, can 
result in equinus of the ankle. 
" Bony changes at the ankle due to trauma or congenital 
disorders may also result in equinus. 


NATURAL HISTORY 


= The natural history varies according to each disease process 
and the prior treatment history. 

= In patients with cerebral palsy, equinus tends to worsen if un- 
treated. It may progress from increased tone to muscle tightness, 
joint contracture, and eventually bony deformity if untreated. 
=" Other disorders, such as idiopathic toe walking, often im- 
prove as the patient matures into adulthood. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Range of motion of the ankle should be assessed with the 
ankle in a neutral position. 
= Hindfoot valgus will allow for false (pseudo) dorsiflexion. 
= The examination should be performed with the knee ex- 
tended to assess gastrocnemius tightness and flexed to assess 
the soleus. 

If the foot remains in equinus with the knee flexed, 
there is shortening of the soleus or joint contracture or 
bony deformity. 

If the ankle can be dorsiflexed with the knee flexed, but 
not extended, then the equinus is due to gastrocnemius 
tightness only (Silfverskidld test). 

=" Observational or instrumented gait analysis is important to 
integrate the physical findings with functional deficits. The 
patient should be evaluated walking and running. 

= Small limitations in dorsiflexion range may have little func- 
tional deficit. 

=" Standing and walking or running foot position may differ 
greatly. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Standard standing lateral radiographs of the feet are the best 
method to assess ankle equinus. 
" Bony deformity can also be evaluated from this exami- 
nation. 
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FIG 1 © Radiographic measures. Standard standing lateral radi- 
ographs of the feet. Angle A: the distal tibial should angle open 
anteriorly 10 degrees (the angle between a line drawn through 
the tibia and along the distal surface of the tibia should mea- 
sure 80 degrees anteriorly, or 78 to 82 degrees). Angle B: the 
angle between horizontal and a line drawn to the plantar 
aspect of the os calcis should be 15 degrees (0 and 30 degrees). 


=" The angle between horizontal and a line drawn to the 
plantar aspect of the os calcis should be 15 degrees (0 and 30 
degrees) (FIG 1), 

=" The distal tibial should angle open anteriorly 10 degrees 
(the angle between a line drawn through the tibia and along 
the distal surface of the tibia should measure 80 degrees 
anteriorly). 


DIFFERENTIAL DIAGNOSIS 


=" Cerebral palsy, Duchenne muscular dystrophy, and other 
neuromuscular disorders 

= Idiopathic toe walking 

=" Congenital (fibular hemimelia) 

=" Bony deformity (posttraumatic, malalignment, asymmetric 
growth arrest) 

= Prior immobilization 

= Prior tibial lengthening 


NONOPERATIVE MANAGEMENT 


= Physical therapy and stretching is the most common form of 
treatment for mild deformities and is used in an attempt to 
maintain range gained by other methods. 
" The knee must be extended and the hindfoot placed in a 
neutral position when stretching the ankle. 
= Bracing, nighttime splinting, or both can be used in combi- 
nation with other techniques. It is primarily used to maintain 
gains or prevent worsening deformity. 
=" Botulinum toxin causes paralysis by blocking acetylcholine 
release at the neuromuscular junction. 
" It can be injected into the gastrocnemius muscle bellies in 
an attempt to decrease tone. 
= The effect lasts about 3 months, and therapy or casting 
can be combined with it. 


= Serial casting involves a series of short-leg casts that are 
placed with the knee flexed and gentle dorsiflexion pressure. 
= They are changed weekly or biweekly, each time with in- 
creasingly greater dorsiflexion. 
" Usually three or four casts are used until satisfactory 
range is obtained. 
= Recurrence is common, and if not carefully performed, 
skin breakdown can occur. 


SURGICAL MANAGEMENT 


=" The surgical management of equinus varies depending on 
the cause. 
=" Lengthening of gastrocnemius fasciae is indicated if: 

= The gastrocnemius is selectively tight 

" This results in functional deficits 

" Conservative (nonoperative) treatment has failed 


Preoperative Planning 


= Planning should involve assessment of the entire patient, 
especially in patients with underlying neuromuscular 
disorders. 
=" Isolated lengthening of the gastrocnemius fascia in pa- 
tients with cerebral palsy and tight hamstrings may result in a 
crouch gait. 
= The Silfverskiold test should be repeated under anesthesia. 
= The surgeon should be prepared to do additional procedures 
if lengthening of the gastrocnemius fascia does not result in 
sufficient dorsiflexion range. 
Positioning 
= The patient can be positioned either supine, with the leg ex- 
ternally rotated to gain access to the posterior medial calf, or 
prone. 
= Supine positioning allows other concomitant procedures to 
be done, but prone positioning allows for easier access. 
=" We typically perform this procedure with the patient in 
the supine position, with tourniquet control. 


Approach 


= The procedure is classically performed through a 2- to 4-inch 
incision made posteriorly over the midcalf, with the patient 
prone. 

= An incision can be made posteromedially with the patient 
supine (FIG 2). 





FIG 2 « Incision with the patient in the supine position. 


STRAYER PROCEDURE 


Dissection is carried down to the facial posterior fascia. 
This should not be confused with the gastrocnemius ten- 
don (TECH FIG 1A). 

The saphenous vein must be protected medially and the 
sural nerve laterally (TECH FIG 1B). 

The fascia overlying the (superficial) posterior compart- 
ment is divided and the underlying tendon is identified. 
Often the muscle bellies of the medial and lateral head 
of the gastrocnemius overlie the tendon and need to be 
carefully retracted (TECH FIG 1C). 
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The tendon of the gastrocnemius is identified proximal to 
the conjoined tendon and the interval in between the gas- 
trocnemius tendon and the underlying soleus fascia may 
need to be developed. It can be isolated with an instru- 
ment (TECH FIG 1D) and carefully divided, avoiding injury 
to the underlying soleus fascia and muscle (TECH FIG 1E). 
The ankle should now dorsiflex to 10 degrees with the 
knee extended (TECH FIG 1F). 

The subcuticular closure is performed in layers, and a cast 
is placed with the foot in neutral or slight dorsiflexion. 








TECH FIG 1 « The Strayer technique. A. Applied surgical anatomy. Accurate incision size is shown in B 
and in Fig 1. B. Exposure with the sural nerve identified. C. The fascia of the gastrocnemius exposed 
below the muscle belly. The tendon of the gastrocnemius is isolated with a hemostat (D) and divided 
with the soleus muscle (and its overlying fascia intact; E). F. Ankle range of motion is now increased to 
10 to 15 degrees of dorsiflexion with the knee extended. 
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BAKER PROCEDURE 


This technique is identical to the Strayer technique with 
the exception of the cut through the aponeurosis of the 
gastrocnemius tendon. 

An inverted-U incision is made through the aponeurosis; 
the lateral and medial portions remain intact with the 
underlying soleus muscle (TECH FIG 2A). 


medial portions of the aponeurosis are freed from the 
tendon (TECH FIG 2B). 

After lengthening, the four corners of the overlapping 
portion of the tendon are secured with sutures (TECH 
FIG 2C). 

The closure and postoperative care are similar to the 





The middle (or tongue) portion is dissected from the 
soleus, and the distal attachments of the lateral and 


Strayer procedure. 


TECH FIG 2 « The Baker technique. 
A. Incision. B. The “box” cut in the 
gastrocnemius fascia. C. The length- 
ened tendon, with sutures placed. 


VULPIUS PROCEDURE 


This technique is similar to the Baker technique, except 
that an inverted-V incision is used to divide the aponeu- 
rosis of the gastrocnemius tendon (TECH FIG 3A). 

More than one incision can be used if needed (TECH 
FIG 3B). 


TECH FIG 3 « The Vulpius technique. 
A. Applied surgical anatomy. Accurate 
incision size is shown in TECHNIQUES 
FIGURE 2A and reflected in B. The inci- 
sion in the gastrocnemius is indicated 
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Indications 


= The patient should be carefully examined to ensure that this is isolated gastrocnemius tightness. 


= In patients with cerebral palsy, the surgeon should assess and lengthen the hamstrings to 


avoid a crouch gait. 


Positioning 
needed. 


= Tourniquet control is helpful. 


Avoid over- or underlengthening 
capsular release. 


= Patient position depends on the surgeon’s preference and what other procedures may be 


= If satisfactory dorsiflexion is not obtained, additional procedures may be needed, including 


= The surgeon should not lengthen beyond 10 to 15 degrees of dorsiflexion. 


POSTOPERATIVE CARE 


= Although Strayer and Baker originally described a “toe- 
to-groin cast,” typically a short-leg weight-bearing cast is 
worn for 4 weeks, with knee immobilizers to keep the knees 
extended when not ambulatory. 

= Bracing and nighttime splinting can be used to help main- 
tain foot position. 


OUTCOMES 


= Significant improvements in range of motion, dynamic joint 
motion during gait, and electromyographic pattern are typi- 
cally seen. 

= Little difference has been shown between the different tech- 
niques for lengthening the gastrocnemius fascia. 


COMPLICATIONS 


= Lengthening of the gastrocnemius fascia is generally a safe 
procedure, with few complications. 

=" Overlengthening of the triceps surae is considered to be less 
likely with this technique than by lengthening more distally at 
the Achilles tendon. Overlengthening is difficult to treat. 


= Injury to the sural nerve or saphenous vein is possible but 
uncommon and carries few long-term deficits. 

= Recurrence is the most common concern and is probably re- 
lated more to poor postoperative therapy and splinting than 
surgical technique. 
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Distal Femoral Osteotomy 
for Crouch Gait 


Tom F. Novacheck 


DEFINITION 


=" Crouch gait is defined as walking with excessive knee flexion 
during stance. 

=" Crouch is a common walking pattern in neuromuscular con- 
ditions, particularly for individuals with cerebral palsy. 

=" Many potential abnormalities of bone alignment and joint 
flexibility can accompany or lead to crouch gait. 

= Persistent crouch in adolescence frequently results in fixed 
knee flexion deformity and patella alta. 

=" Potential contributing factors include hamstring contrac- 
ture, hip flexion deformity, foot deformity, loss of plantarflex- 
ion—knee extension couple, excessive femoral anteversion, 
and external tibial torsion. Weakness and impaired motor con- 
trol are contributing factors. For some patients, disorders of 
balance or sensory impairments are major contributors.* 

= Fixed knee flexion deformity is oftentimes associated with 
patella alta. Fixed knee contracture and patella alta are the com- 
ponents of the pathology that are treated with these procedures. 


ANATOMY 


= Typical knee extension range is 0 degrees (full knee extension). 
= Posterior capsular contracture can result from the imbalance 
between spastic or contracted hamstrings and knee extensor 
dysfunction (often associated with patella alta). 

= Distal femoral anatomy is normal, although torsional defor- 
mity (excessive femoral anteversion) is commonly seen in neu- 
romuscular conditions, especially cerebral palsy. 


PATHOGENESIS 


=" The pathogenesis of knee flexion deformity and crouch gait 
in cerebral palsy will be described, as it is the most common 
condition to be treated with this technique. However, other 
causes of knee flexion deformity and persistent crouch could 
be treated similarly. 

=" Preterm, perinatal, or infantile brain injury leads to static 
encephalopathy. 

=" This neurologic disorder causes hypertonia (commonly 
spasticity), impaired motor control, and weakness. 

= Typical muscle growth results from the tension produced by 
normal bone growth and age-appropriate, typical gross and 
fine motor activities. 

=" Musculotendinous growth in children with cerebral palsy is 
delayed because spastic muscle does not grow normally in re- 
sponse to stretch and delays in attainment of typical functional 
activities. 

=" Bone growth and joint development are also adversely af- 
fected by a lack of normal functional activities, as well as spas- 
ticity and musculotendinous contracture. 


NATURAL HISTORY 


=" Crouch gait is not uncommon at 5 to 7 years of age. At these 
ages, the primary causes are spasticity, weakness, and im- 
paired balance mechanisms. 
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= If crouch persists during later childhood, musculotendinous 
contractures of the two-joint muscles (psoas, hamstrings, rec- 
tus femoris, and gastrocnemius) develop. Persistent alignment 
in a crouch position leads to excessive elongation of the one- 
joint muscles (gluteus maximus, quadriceps, and soleus), 
which are primarily responsible for normal upright posture.* 
=" The soleus, in particular, is responsible for restraining the 
forward movement of the tibia over the plantigrade foot (also 
known as the plantarflexion—knee extension couple). As a re- 
sult, the ground reaction force vector typically falls near the 
knee joint in midstance, minimizing the demand on the quadri- 
ceps to maintain knee extension. 

= If weak or elongated, the ankle plantarflexors are no longer 
able to restrain the forward movement of the tibia over 
the plantigrade foot (loss of the normal plantarflexion—knee 
extension couple). 

=" Further growth leads to loss of knee joint mobility and the 
development of posterior capsular contracture. 

= For some patients in adolescence, pain from stress fractures 
or from excessive stress in the patellofemoral joint itself can 
lead to a precipitous worsening of crouch. 

= Knee pain, decreased ambulatory function, or the loss of 
walking ability in adulthood in individuals with cerebral palsy 
is common.” 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Physical examination methods include the following: 

" Knee range of motion: Loss of extension indicates a pos- 
terior capsular contracture; loss of flexion could be due to 
quadriceps contracture and especially rectus femoris spastic- 
ity or contracture if the knee is flexed in the prone position. 
Normal upright walking requires full knee extension range 
of motion. 

" The examiner should palpate the inferior pole of the 
patella and tibial tubercle. This distance is typically equal to 
patellar length. The patella is pushed medial to lateral to de- 
tect patellar instability. Patella alta, which can be a cause of 
knee pain or can contribute to knee extensor dysfunction, is 
suspected if: 

The distance from the inferior pole of the patella to the 
tibial tubercle exceeds patellar height. 

The patella is unstable medial to lateral. 

The patellar tendon (as opposed to the patella) lies in 
the patellofemoral groove. 

With the knees in extension, the superior pole of the 
patella is typically one fingerbreadth proximal to the ad- 
ductor tubercle. 

= Knee extension lag test: Normal extension lag is 0 degrees. 
Terminal knee extension strength is required to control knee 
flexion during loading response. 

" Hamstring contracture: Normal popliteal angle can be as 
much as 30 degrees during preadolescence. It is commonly 
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greater in boys than in girls. For differential diagnosis pur- 
poses, it is important to identify all potential contributors to 
crouch gait. 
" If resistance is felt as the popliteal angle is being assessed, 
hamstring spasticity is identified. If the knee is flexed with the 
patient prone and the hip extended, spasticity of the rectus 
femoris is identified. 
- Spasticity is one of the primary causes of the series of 
events that ultimately leads to crouch. If severe enough, 
direct spasticity treatment may be necessary. 
= A complete examination of the patient should also include 
evaluation of associated abnormalities to identify all potential 
contributors to crouch gait, including hip flexion deformity, 
hamstring contracture, femoral anteversion, tibial torsion, 
foot deformity or instability, balance disorder, and visual or 
sensory disturbances. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= A plain lateral radiograph of the knee in maximum extension 
should be obtained to assess for fixed knee flexion contracture 
and patella alta (FIG 1). 

= If the knee is held in maximum extension, the femoral-tibial 
angle on the lateral radiograph represents the degree of true 
knee flexion deformity. 

=" The knee is extended maximally with a bolster just below the 
patella to assess the true degree of patella alta. Patella alta can 
be documented using the Insall ratio or the Koshino index.” 

= Inferior-pole sleeve avulsion injuries of the patella are com- 
mon in children with spastic cerebral palsy and can be identi- 
fied on the lateral radiograph. The development of a stress 
fracture is typically painful and can lead to the rapid progres- 
sion of crouch over a short period. 

= Computerized gait analysis provides much-needed insight to 
create a problem list to guide treatment decision making by 
identifying the numerous other contributors to crouch listed 
above. 


DIFFERENTIAL DIAGNOSIS 


Knee extensor lag with or without patella alta 
Hamstring spasticity or contracture 

Hip flexor spasticity or contracture 

Femoral anteversion 

Tibial torsion (typically external) 





FIG 1 « Lateral radiograph of knee in maximum extension. 
Patellar position and degree of knee contracture can be as- 
sessed from this view. 


= Ankle plantarflexor insufficiency 
" Foot deformity 
= Excessive midfoot instability 
" Soleus weakness: primary versus iatrogenic from prior 
Achilles tendon lengthening 


NONOPERATIVE MANAGEMENT 


= Physical therapy (stretching and strengthening) helps 
minimize the development of musculotendinous contracture 
secondary to spasticity and weakness. 

=" Botulinum toxin injections or oral spasmolytic agents can 
help manage spasticity. 

=" Functional strengthening of the muscle groups that con- 
tribute to crouch (ankle plantarflexors, knee extensors, and 
hip extensors) can help correct muscle imbalance. 

=" Nighttime knee extension splinting with knee immobilizers 
or bivalved casts can help prevent a flexed knee position dur- 
ing the night, thereby minimizing the development of knee 
capsular contracture. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= The lateral radiograph of the knee in maximum extension 
should be reviewed for the degree of knee contracture, patellar 
height, presence of a stress fracture at the inferior pole of the 
patella, and the status of skeletal maturation (see Fig 1). 

=" Gait analysis data should be reviewed to assess for knee 
extension lag, degree of crouch, presence of hip flexion con- 
tracture, spasticity or contracture of the rectus femoris, and 
hamstrings length and for the presence of tibial torsion, 
femoral anteversion, and foot deformity. 

=" Examination under anesthesia for femoral anteversion and 
coronal-plane malalignment of the knee should be accom- 
plished before positioning. 

=" Other deformities can be addressed concurrently under the 
same anesthetic. 


Positioning 

= If severe femoral anteversion is present, a proximal femoral 
osteotomy may be required in addition to the distal os- 
teotomy, as it is difficult to correct more than 25 to 30 degrees 
of malrotation distally. 


= Tibial torsion and foot deformity should also be addressed 
first. While these can be done supine, I prefer prone positioning. 





FIG 2 © Positioning for distal femoral extension osteotomy. 
Supine position allows access for both extension osteotomy and 
patellar advancement. The procedures are performed under 
tourniquet control. Note the knee contracture and patella alta. 
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Section 1V NEUROMUSCULAR CORRECTION 


Prone positioning is preferred as it allows accurate examination 
and correction of rotational profile consistent with the physical 
examination methods used in the clinic. 

=" The extension osteotomy and patellar advancement are 
performed supine with the leg draped free (FIG 2). 


Approach 


= The extension osteotomy of the distal femur is performed 
via a lateral distal femoral incision. 

=" The patellar advancement is performed through a direct 
anterior incision centered over the tibial tubercle. 


DISTAL FEMORAL EXTENSION OSTEOTOMY 





The procedure is performed under tourniquet control. 
Through the lateral distal femoral incision, the fascia is 
opened and the vastus lateralis is reflected from its pos- 
terior origin and elevated to expose the distal femur sub- 
periosteally. 

Circumferential subperiosteal retractors are placed. 
Typically a 90-degree adolescent AO blade plate is used 
for fixation. If no varus or valgus deformity correction is 
required, the guidewire for chisel placement is placed at 
a 90-degree angle to the femoral shaft on an AP image 
in the plane of the tibia (as this will reflect final coronal 
plane alignment) (TECH FIG 1A). 

The guidewire entry point is through the anterior por- 
tion of the lateral femoral epicondyle in line with the 
femoral shaft to avoid anterior or posterior translation 
of the distal fragment. It is placed just proximal to the 
distal femoral physis if the patient is immature and at the 
physeal scar if growth is complete. 

Transverse-plane position is in line with the axis from the 
lateral to the medial femoral condyle. 

The chisel is inserted exactly parallel and just proximal to 
the pin, with the angle guide for the AO chisel aligned 
parallel to the tibia (TECH FIG 1B). The angle between 
the AO chisel guide and the femoral shaft is equal to the 
degree of knee contracture and the extension to be 
obtained. 





Depending on preoperative assessment, a second pin can 
be placed proximal to the osteotomy site to assist with 
rotational control. It can be placed at a converging angle 
in the transverse plane to match the degree of derota- 
tion desired. 

The distal osteotomy is performed first. The oscillating 
saw blade is aligned exactly parallel and 10 to 15 mm 
proximal to the chisel (TECH FIG 1C). 

The second osteotomy is performed perpendicular to the 
femoral shaft, typically meeting the first osteotomy at 
the posterior cortex (although with more severe defor- 
mities, a cuneiform wedge including several millimeters 
of posterior cortex may also be removed to avoid neu- 
rovascular stretch). 

The anterior wedge of bone is removed (TECH FIG 1D). 
Varus-valgus deformities can be corrected by altering 
the guide pin placement in the coronal plane or bending 
the implant to match the desired correction. 

The osteotomy is realigned by derotating if necessary 
and extending the knee. 

The chisel is replaced with the Synthes AO blade plate. 
The femoral shaft is reduced to the plate and held with 
a Verbrugge clamp (TECH FIG 1E). 

After an initial screw is placed in compression to hold 
alignment, final coronal plane alignment is assessed. 
Proper mechanical axis alignment is confirmed if the elec- 


TECH FIG 1 e Distal femoral extension osteotomy. A. Blade plate is held an- 
teriorly over the leg to position guidewire 90 degrees to femoral shaft (C- 
arm view orthogonal to tibia, not femur). B. The chisel guide is parallel to 
the tibia. C. Distal osteotomy is parallel to chisel; proximal osteotomy is per- 
pendicular to shaft. D. Anterior wedge of bone removed. E. Knee in full ex- 
tension after blade plate is reduced to the femoral shaft. 
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trocautery cord, aligned directly over the hip and ankle 

joint centers, also passes directly over the knee joint center. 

=" Final coronal plane alignment can be adjusted if neces- 
sary by laterally displacing the distal fragment further 
by impacting the plate more completely or by remov- 
ing the plate and adjusting its angle accordingly. 


PATELLAR ADVANCEMENT 


If the patient is skeletally immature, transposition of a 
tibial tubercle bone block would cause an anterior 
growth arrest. Instead, the patellar tendon is advanced 
without violating its insertion (TECH FIG 2A). 

A T-shaped periosteal incision is made just distal to the 
tibial tubercle apophysis. 

Medial and lateral flaps of periosteum are elevated 
(TECH FIG 2B). 

The tendon is separated from the cartilaginous tibial tu- 
bercle apophysis using a fresh scalpel, working at the junc- 
tion of the fibers of the patellar tendon and the cartilage 
(TECH FIG 2C). It is best to err on the side of leaving a few 
fibers of tendon on the cartilage than to inadvertently in- 
jure the cartilage. Care must be taken to maintain an ad- 
equate thickness of tendon (about 2 mm) without defects. 
The next step is placement of a tension band from the 
patella to the tibia to protect the repair. A guidewire for 
the 2.7-mm cannulated AO drill bit is passed percuta- 
neously transversely through the midportion of the patella. 
The cannulated drill bit is drilled across the patella from 
lateral to medial. The guidewire is removed, leaving the 
drill bit in place. 


tendon. 


TECH FIG 2 e Patellar advancement. A. Patellar tendon redundancy after 
extension osteotomy. B. Periosteal flaps distal to tibial tubercle apophysis. 
C. Patellar tendon after sharply dividing the tendon from the cartilaginous 
apophysis. D. Fibertape placed transversely across patella (here shown as open 
procedure, now performed percutaneously as described in the text). 
E. Fibertape tied to hold patella down in final position. F. Medial and lateral 
Krackow sutures in patellar tendon. G. Tendon advanced under periosteal flaps, 
flaps repaired over tendon, and Fibertape along medial and lateral edges of 


The final screws are placed. 

Any significant posterior bone prominence should be re- 
sected with the oscillating saw. 

A Hemovac drain can be placed posteriorly. 

The wound is closed in layers. 


A suture passer is passed retrograde through the drill bit 
from medial to lateral, and then the drill bit is removed. 
A 2-mm Fibertape suture is passed through the drill hole 
using the suture passer. 

Using a long right-angle clamp, the ends of the Fibertape 
suture are passed along the edges of the patellar tendon 
via a subcutaneous tunnel to the anterior incision. 

Using a similar technique as described for the patella, a 
transverse drill hole is placed in the tibia and the suture 
is passed through it (TECH FIG 2D). 

The patella is advanced distally by tensioning the 
Fibertape until the inferior pole of the patella is at the 
femoral-tibial joint line, at which point the knot in the 
Fibertape is tied (TECH FIG 2E). 

Two baseball (Krackow) stitches are placed in the patel- 
lar tendon, one medially and one laterally, using 0 
Ethibond suture (TECH FIG 2F). 

These sutures are tied deeply under the periosteal flaps. 
The periosteal flaps are then sewn over the patellar ten- 
don (TECH FIG 2G). 

The wound is closed in routine fashion. 
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Section IV NEUROMUSCULAR CORRECTION 


TIBIAL TUBERCLE ADVANCEMENT 


For skeletally mature patients, the patellar tendon and 
tibial tubercle are exposed. 

A small tibial tubercle bone block with patellar tendon 
attached is created with an oscillating saw and com- 
pleted with an osteotome. The typical size is the width of 
the patellar tendon, 2 to 2.5 cmin length and 7 to 10 mm 
thick. 

The 2-mm Fibertape is placed identical to the previous 
description. 

A receptacle site for the tibial tubercle bone block is cre- 
ated at the appropriate level. 

The distally excised bone block is impacted into the orig- 
inal tibial tubercle site. 


PEARLS AND PITFALLS 


= The tibial tubercle is inserted into its receptacle site and 
secured with a single 4.5-mm AO screw, overdrilling the 
tibial tubercle fragment to compress the bone block and 
countersinking to avoid screw prominence. 

= The typical advancement is 2 to 2.5 cm. 
By keeping the tibial tubercle bone block relatively short 
in length, a small bridge of intact anterior cortical bone 
can provide a proximal buttress to resist proximal migra- 
tion of the tibial tubercle bone block postoperatively. 

= The knee should be able to flex 60 degrees at this point 
without excessive tension or disruption of the repair. 

= The wound is closed in routine fashion. 





Recurrence of knee flexion deformity 
and persistence of crouch 
Patellar advancement in isolation 


Avoiding sciatic nerve palsy 


Loss of patellar fixation 


Increased anterior pelvic tilt 


Genu varum and valgum 


= This is effective to treat cr 
flexion contracture. 


= If a distal femoral extension osteotomy is performed without patellar advancement, there 
is a high risk of these postoperative problems. 


ouch in the presence of a knee extension lag without knee 


= Postoperative immobilization in flexion during the time of acute swelling (first 3 days) 


and resection of the posterior bony prominence on the distal fragment have helped 
minimize this complication. 


= Supporting patellar advan 
complication. 


contracture (simultaneous 


cements with a Fibertape tension band has minimized this 


= Detecting and treating hip flexion deformity as well as rectus femoris spasticity and 


rectus femoris transfer) have been helpful, but this finding 


seems to be common with surgical intervention at this age. 


= Distal femoral osteotomy requires meticulous care to ensure optimal postoperative 


alignment in all three planes. 
= Contractures between 10 and 25 degrees are typically appropriate for this compensatory 


osteotomy of the distal fe 


mur. 


® In growing children with relatively small deformities, anterior distal femoral figure 8 plating 


may be a consideration. 


= The treatment of flexion contractures of 30 degrees or greater introduces significant distal 


femoral deformity. 


= Modest transverse-plane deformities can easily be corrected but again this requires 
meticulous attention to detail. 

= Malrotation greater than 30 degrees is difficult to correct with this technique. 

= Preoperative coronal-plane deformities can be corrected, and care must be taken to avoid 
creation of postoperative varus—valgus deformities. 


POSTOPERATIVE CARE 


= AP and lateral radiographs are reviewed to confirm proper 
alignment (FIG 3). 

=" The knee is immobilized for 3 days in 20 to 30 degrees of 
flexion in a Robert Jones dressing to avoid sciatic nerve stretch. 
=" Then a knee immobilizer is used for 6 weeks. 

=" Use of a continuous passive motion (CPM) machine is 
begun on the third postoperative day; initially the range is 
from 0 to 30 degrees, and it is advanced to 90 degrees by 6 
weeks postoperatively. 

= After 3 weeks, active range of motion and weight bearing 
are initiated. Once quadriceps strength and control are suffi- 
cient, the knee immobilizer can be discontinued. 


OUTCOMES 


=" Knee flexion deformity and patella alta can reliably be 
corrected.” 

= Preoperative stress fractures and knee pain are improved or 
resolved in the vast majority of patients. 

=" Worsened anterior pelvic tilt is commonly seen and does not 
seem to be a result of persisting contracture or weakness. 

=" Crouch gait is corrected effectively for those who have the 
combined procedure of extension osteotomy and _ patellar 
advancement. Crouch is also effectively treated in the absence 
of knee contracture with patellar advancement alone, as long 
as other musculotendinous contractures and bone or joint 
deformities are concurrently addressed. 
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FIG 3 © Postoperative radiographs. A. On the AP view, the blade 
can be seen just proximal to the growth plate and the osteotomy 
parallel to the blade. B. The lateral view shows the blade inser- 
tion anterior in the distal femur to avoid anterior translation of 
the distal fragment, the posterior bone prominence of the distal 
fragment (in this case not felt to be large enough to warrant 
resection), the overcorrected patellar position (distal pole at 
femoral-tibial joint line), and the drill holes in the patella and 
proximal tibia for the Fibertape tension band. 


= Distal femoral extension osteotomy without patellar ad- 
vancement has a high risk of recurrence of contracture and 
typically results in only partial improvement in crouch. 

=" An overcorrection of patellar position compensates for 
weakness, impaired motor control, and spasticity and has been 


found to be safe (low rate of persisting anterior knee pain 
postoperatively) and necessary to treat crouch. 

= The natural history of crouch gait is one of worsening. With 
these procedures, walking ability is either maintained or im- 
proved, as indicated by gait analysis and a functional mobility 
scale.* 


COMPLICATIONS 


= Sciatic nerve palsy 

= Loss of patellar fixation 

= Recurrence of deformity 

=" Wound breakdown or infection 
= Increased anterior pelvic tilt 
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DEFINITION 


Unicameral bone cyst (UBC) 

" Also known asa simple bone cyst, a UBC is a benign, ac- 
tive or latent, solitary cystic lesion that usually involves the 
metaphysis of long bones (most commonly the proximal 
humerus and femur, 40% to 80%). 

=" Most (90%) of patients are less than 20 years old. 

" UBCs represent a cavity filled with yellowish or serosan- 
guineous fluid lined by a thin fibrous membrane. 
Aneurysmal bone cyst (ABC) 

" ABC is a benign, active, and sometimes locally aggressive, 
solitary, expansile cystic lesion, eccentric in location. 

= ABCs are most common in the first two decades, and they 
most often involve the long bones or the spine. 

= The lesion contains blood-filled cystic spaces that are not 
lined with vascular endothelium. Between the blood-filled 
spaces are fibrous septa containing giant cells and immature 
bone. 


PATHOGENESIS 
=" UBC 


= Cause is unknown; however, theories range from a reac- 
tive or developmental process, caused by obstruction to the 
drainage of interstitial fluid, to a true neoplasm. 

" Recent isolated cytogenetic analysis has reported on the 
presence of translocation t(16;20)(p11.2;q13) and TP53 
mutations in recurrent UBCs. Further studies are necessary 
to better understand its pathogenesis. 

" UBCs are characterized by a fluid-filled cyst lined with a 
thin fibrous membrane without obvious lining cells. 
However, owing to the high incidence of associated frac- 
tures, several nonspecific changes may be seen, such as hem- 


Benign Bone Cysts 
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orrhage, hemosiderin deposits, granulation tissue, new bone 
formation, and others. 

ABC 

" The neoplastic basis of primary ABCs has been, at least in 
part, demonstrated by the chromosomal translocation 
t(16;17)(q22;p13) that places the ubiquitin protease (UBP) 
USP6 gene under the regulatory influence of the highly ac- 
tive osteoblast cadherin 11 gene (CDH11), which is strongly 
expressed in bones. 

= ABCs are characterized by various-size blood-filled cystic 
spaces without vascular endothelium lining and divided by fi- 
brous septa containing giant cells and immature bone (FIG 1). 


NATURAL HISTORY 


UBC 

= Active cysts are generally located near the growth plate 
and are usually asymptomatic. 

= Inactive or latent cysts tend to “migrate” away from the 
growth plate as longitudinal growth occurs. 

" UBCs may regress spontaneously after skeletal maturity. 
ABC 

" It is usually an active benign lesion with locally aggressive 
features. 

=" The lesion tends to continue to grow, necessitating 
intervention. 

= It can occur as a secondary lesion associated with giant cell 
tumor, osteoblastoma, chondroblastoma, or fibrous dysplasia. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


UBC 
=" UBCs are often asymptomatic. The usual presentation is 
with a pathologic fracture (50% to 65%). 





FIG 1 © High-power (200 magnification; A) and low-power (40 magnification; B) photomicrographs of a lesion 
demonstrate blood-filled spaces surrounded by several focal giant cells, as well as spindle-shaped cells lining the walls 
of these spaces. Some of the spaces are slit-like, whereas the other spaces are dilated. Hemosiderin is also seen. 
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FIG 2 © Lateral radiograph of the foot of a 12-year-old boy 
demonstrates a well-circumscribed, lucent lesion, consistent 
with unicameral bone cyst. 


" While about 90% occur before the age of 20 years, cal- 
caneal UBCs tend to occur in a slightly older group. They 
occur more often in boys (3:1). The most common locations 
are the proximal humerus and femur, accounting for 50% 
to 70% of the lesions. 

= ABC 
" ABCs often present with mild pain. 
" Pathologic fracture is not uncommon, following minor 
trauma. 
" The spine, femur, and tibia are the most common loca- 
tions. In the spine, the lesion is more often limited to the 
posterior elements. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= UBC 
" Plain radiographs typically demonstrate a centrally located, 
well-defined, radiolucent lesion (FIG 2), usually surrounded 
by a sclerotic margin and narrow zone of transition. 

They may demonstrate cortical thinning and mild ex- 
pansion (unlike ABCs, UBCs do not exceed the width of 
the nearest growth plate). 
~ When a pathologic fracture occurs, there is periosteal 
reaction, and occasionally the typical “fallen fragment” 
sign is visualized (piece of fractured cortex “floating” in- 
side the cavity). 





Bi 
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" CT is usually useful to characterize lesions that are diffi- 
cult to visualize on plain films (ie, spine, pelvis) and to rule 
out fractures (nondisplaced or minimally displaced). 
=" MRI is useful for differential diagnosis and atypical UBCs. 
Although variable, they present as low to intermediate 
signals on T1-weighted images and bright and homoge- 
neous signals on T2-weighted images. 
ABC 
" Plain radiographs show an eccentrically located, multilob- 
ulated, expansile (expands beyond the width of the nearest 
growth plate), radiolucent lesion with a narrow zone of 
transition. 
~ A rim of sclerotic bone is often seen. 
Cortical thinning, disruption, and periosteal reaction 
are common. 
" CT is helpful, especially because these lesions are com- 
monly located in the spine (FIG 3A,B). 
It shows the typical ridges in the interior of the cyst. 
~ Soft tissue extension can be appreciated, but there is no 
true soft tissue mass. 
" MRTis useful to confirm the lobulated nature of the lesion 
and the cystic cavities filled with fluid (fluid—fluid levels on 
T2-weighted signal; characteristic but not pathognomonic; 
Fig 3C,D). 
There is variable signal intensity in both T1- and T2- 
weighted images due to the nature of the cyst contents 
(fresh blood, mixed with degraded blood products). 


DIFFERENTIAL DIAGNOSIS 





AC 


UBC 

= ABC 

" Nonossifying fibroma 

" Fibrous dysplasia 

" Brown tumor of hyperparathyroidism (usually presents 
with osteopenia and subcortical resorption) 

= Bone abscess (commonly shows periosteal reaction). 

" For calcaneus lesions, the differential also includes chon- 
droblastoma and giant cell tumor. 

Latent UBC (diaphyseal) 

" Fibrous dysplasia 

ABC 

" UBC 

= Giant cell tumor 





FIG 3 e Aneurysmal bone cyst of L4. A. Axial CT scan of the lower lumbar spine shows a destructive, lytic, expansile lesion, involving 
the body and posterior elements of L4 with disruption of the spinal canal. B. Three-dimensional-reconstruction CT image demonstrates 
the asymmetric collapse of the vertebra. C. Sagittal T1 MRI shows the collapsed L4 with posterior disruption by the tumoral mass. 

D. Axial T2-weighted MRI shows the characteristic fluid-fluid level and disruption of the medullary canal. 
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" Osteoblastoma 
" Telangiectatic osteogenic sarcoma 


NONOPERATIVE MANAGEMENT 


= UBC 
" Lesions with typical radiographic appearance and lesions 
in non-weight-bearing bones can be followed with serial 
radiographs. 
= Small lesions (ie, those that involve less than one third to 
half of the bone width) in weight-bearing bones that have 
low risk for fracture can also be observed. 
" Following pathologic fracture, up to 14% of UBCs may 
spontaneously heal, and therefore an attempt for conserva- 
tive treatment should be made. 

= ABC 
" There is little place for conservative treatment of ABCs. 
At least an incisional biopsy for diagnosis confirmation is 
recommended. 
" For small, asymptomatic lesions located in non-weight- 
bearing bones, observation can be indicated. 


SURGICAL MANAGEMENT 


=" The first indication for surgical treatment of benign bone 
cysts is to confirm the diagnosis (ie, incisional biopsy). 

= Large lesions that involve more than one third to half of the 
bone width and lesions of weight-bearing bones are usually 
treated with surgery. 

= Pathologic fractures are not an absolute indication for surgi- 
cal treatment, but when they are associated with ABCs, or are 
located in the lower extremities, surgery is usually indicated. 


Immature 


= ABCs in nonessential bones (eg, rib, fibula) can be treated 
with wide resection to avoid recurrence. 


Preoperative Planning 


= It is very important to pay attention to the details, formulate 
the differential diagnosis, and rule out a malignant process. It 
is also very important to rule out physeal growth arrest before 
any intervention. 

=" For ABCs, an open biopsy is often needed since needle 
biopsy may get only blood and no tissue. 

= An image intensifier is useful for accurate localization of the 
lesion, during percutaneous procedures, and for intraoperative 
confirmation that the entire lesion is being addressed. 

= For open surgery, headlamps for illumination and loupes for 
magnification are recommended. 


Positioning 
= Positioning depends on the lesion’s location. For all extrem- 
ity lesions, the entire affected extremity should be entirely free 


draped. It is important to confirm that the extremity can be 
properly imaged by the image intensifier. 


Approach 


=" UBCs are less aggressive lesions and therefore are prone to 
a percutaneous technique. 

= ABCs can be quite aggressive and an open and more aggres- 
sive approach is usually necessary. 

= For lesions in the proximal femur, a more aggressive ap- 
proach is often necessary; particularly if a pathologic fracture 
is present, open reduction and internal fixation is indicated 
(FIG 4). 





Type IA Type IB Type IIA 


Mature 





Type IIB 


FIG 4 e Classification and treatment algorithm for proximal femur pathologic frac- 
tures through a bone cyst. Type IA: A small cyst is present in the middle of the 
femoral neck, the lateral buttress is intact, cannulated screws are used avoiding the 
physis. Type 1B: A larger cyst is present, there is compromise of the lateral buttress, 
and a pediatric dynamic hip screw (DHS) is used. Types IIA and IIB: There is not 
enough bone between the growth plate and the lesion; therefore, the patient can be 
kept in traction or a cast until initial healing occurs, or parallel Steinmann pins across 
the physis can be used. Type IIIA: Since the growth plate is closed, cannulated screws 
purchasing the femoral head are used. Type IIIB: Because of the loss of the lateral 
buttress, a pediatric DHS is recommended. A spica cast is generally recommended 
after the surgical treatment. Internal fixation should be preceded by a four-step ap- 
proach. (Adapted from Dormans J, Flynn J. Pathologic fractures associated with tu- 
mors and unique conditions of the musculoskeletal system. In Beaty JH, Kasser JR, 


eds. Rockwood and Wilkins’ Fractures in Children, ed 5. Philadelphia: Lippincott 


Type IIIA 


Type IIIB 


Williams & Wilkins, 2001:151.) 


UNICAMERAL BONE CYST 


Percutaneous Intramedullary 
Decompression, Curettage, and 
Grafting With Medical-Grade Calcium 
Sulfate Pellets 


Under fluoroscopic guidance, a Jamshidi trocar needle 
(CardinalHealth, Dublin, OH) is percutaneously inserted 
into the cyst cavity. 

The cyst is aspirated to confirm the presence of straw-col- 
ored fluid, which is typical of previously untreated or un- 
fractured UBCs. 

Three to 10 mL of Renografin dye (E.R. Squibb, Princeton, 
NJ) is injected to perform a cystogram and confirm the sin- 
gle fluid-filled cavity (TECH FIG 1A). 

A 0.5-cm longitudinal incision is then made over the site 
of the aspiration and a 6-mm arthroscopy trocar is ad- 
vanced into the cyst cavity through the same cortical 
hole, and the cortical entry is enlarged manually (TECH 
FIG 1B). 
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Under fluoroscopic guidance, percutaneous removal of 

the cyst lining is done and curettage is performed using 

a pituitary rongeur and various-sized angled curettes 

(TECH FIG 1C). 

An angled curette or flexible intramedullary nail is used 

to perform the intramedullary decompression in one di- 

rection (toward the diaphysis) or in both directions 

(when the growth plate is far enough, avoid physeal in- 

jury) (TECH FIG 1D,E). 

Medical-grade calcium sulfate pellets (Osteoset, Wright 

Medical Technology, Arlington, TN) are inserted through 

the same cortical hole and deployed to completely fill 

the cavity (TECH FIG 1F,G). 

= Angled curettes can be used to advance pellets into 
the medullary canal. 

=" Tight packing of the cyst is preferred. 

The wound is closed in a layered fashion. 





TECH FIG 1 e Unicameral bone cyst. A. Fluoroscopic image showing a proximal femur unicameral bone cyst filling 
with dye. B. A 0.5-cm incision is made where the Jamshidi needle for the cystogram was placed. C. The cyst is curet- 
ted using curettes and a pituitary rongeur. Material is then sent for pathology analysis. Intramedullary decompres- 
sion of the cyst is done using flexible intramedullary nails (D) or angled curettes (E). F. The cyst is filled with medical- 
grade calcium sulfate pellets. G. Four-month follow-up radiograph shows complete healing. 
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Section V CYSTS 


ANEURYSMAL BONE CYST 


A four-step open surgical approach is used. 

Under fluoroscopic guidance, a Jamshidi trocar needle is 

percutaneously inserted into the cyst cavity. 

The cyst is aspirated to confirm the presence of blood- 

filled cavities or soft tissue septations typical of ABCs. 

A longitudinal incision of roughly the same size of the 

cyst is made, the neurovascular structures are protected, 

and the periosteum is opened and retracted. 

Perforation of the thinnest part of the cyst wall is per- 

formed with a curette, burr, or drill. 

The fibrous lining of the lesion is completely curetted. 

Septations are opened and removed to access all compo- 

nents of the cyst. 

=" The use of headlamps for illumination and loupes for 
magnification is recommended to ensure a thorough 





E 





excision. Image intensifier may be helpful to ensure 
that all cavities were opened. 
A high-speed burr is used to improve the curettage and 
help with complete excision of any macroscopic tumor 
(TECH FIG 2A,B). 
The cavity is then cauterized with electrocautery and in 
selected cases (eg, lesions distant from the growth plate 
and main neurovascular structures) phenol 5% solution is 
applied to the cyst wall with a cotton-tipped applicator 
to extend the margins. 
The cavity is now tightly packed with bone graft. We pre- 
fer to use a combination of allograft cubes and deminer- 
alized bone matrix paste (TECH FIG 2C-F). 
The wound is closed in a layered fashion. 


TECH FIG 2 © A. AP radiograph of the proximal humerus shows an expansile, lytic, loculated 
aneurysmal bone cyst. B. The cyst is thoroughly curetted and a high-speed burr is used to remove 
any residual cyst lining. C. The cyst is completely filled with packed allograft chips and deminer- 
alized bone matrix. D. Radiographic aspect 2 weeks after the procedure; the cyst was entirely re- 
moved and the cavity was entirely grafted. E,F. At 4-month follow-up, AP radiographs of the right 
proximal humerus in internal and external rotation demonstrate that the lesion is completely 


healed, with good incorporation of the bone graft. 


PEARLS AND PITFALLS 
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Diagnosis 

Growth arrest 
age before the treatment. 

Pathologic fracture 


Natural history 
to grow beyond skeletal maturity. 


Recurrent lesions 


POSTOPERATIVE CARE 


= In most cases, the extremity is protected from weight bear- 
ing for about 4 to 6 weeks. Before the patient is allowed to re- 
turn to physical activity, radiographic evidence of bone heal- 
ing 1s necessary. 


OUTCOMES 


=" The minimally invasive technique for UBC has shown 
promising results on a short-term evaluation, with reported suc- 
cess rate (eg, complete or partial healing or opacification) of 
about 95%. Recently the intermediate to long-term results in a 
larger cohort were reviewed, and the observed rate of complete 
or partial response achieved with one surgical intervention was 
80%. Nonetheless, the success rate increased to 94% after a re- 
peat surgery, reaching a 100% healing rate in patients who un- 
derwent more than two repeat surgeries. These results compare 
favorably with other outcomes after surgical treatment of UBCs. 
= The recurrence rate for any surgically treated ABC varies 
from 10% to 59% according to the reported results. In a large 
cohort including 45 children with primary ABC treated by the 
described four-step approach technique and at least 2 years of 
follow-up, the recurrence rate was only 18%. Although the 
recurrence rate was slightly higher among younger children 
(less than 10 years old), this difference did not show statisti- 
cal significance. 


COMPLICATIONS 


= Persistence or recurrence: varies from 10% to 20% for all 
techniques described 

=" Infection 

= Fracture 


= The surgeon should always biopsy ABCs to rule out malignancies and other associated conditions. 
= Growth arrest can occur without treatment. The family should be informed if there is growth plate dam- 


= UBCs may spontaneously resolve after fractures, so adopt a conservative treatment (if possible). 
= UBCs tend to grow away from the growth plate and will not grow after skeletal maturity. ABCs continue 


™ Bone cysts may “upgrade.” UBCs may recur with an ABC component, and ABCs may recur with a more 
aggressive behavior than the initial lesion. 


= Intraoperative bleeding: for aggressive-looking ABCs and le- 
sions in difficult locations such as the pelvis and spine, arteri- 
ography, and sometimes embolization, is helpful. 
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DEFINITION 


=" Syndactyly refers to the failure of separation between adja- 
cent digits, resulting in “webbed” fingers. 
=" Congenital syndactyly is classified according to the extent of 
digital involvement and the character of the conjoined tissue. 
" Complete syndactyly extends to the digital tips (FIG 1A), 
whereas incomplete syndactyly ends proximal to the finger- 
tips (FIG 1B). 
" Simple syndactyly refers to digits connected only by skin 
and soft tissue. Complex syndactyly denotes bony fusions 
between adjacent phalanges. 
" Complicated syndactyly refers to the interposition of ac- 
cessory phalanges or abnormal bones between digits. 


ANATOMY 


=" Understanding of normal digital web space anatomy guides 
surgical reconstructive efforts. 
=" Typically, the index-long and ring-small finger commis- 
sures are U-shaped, whereas the long-ring web is V-shaped. 
=" The non-glabrous skin of the normal web space is sloped 
about 45 degrees from proximal—dorsal to distal—-volar, extend- 
ing to roughly the midpoint of the proximal phalanx. 
= The natatory ligaments (or superficial transverse metacarpal 
ligament) help form the web contour and join adjacent lateral 
digital sheets. 
=" Normally, each digit is vascularized in part via a radial and 
an ulnar digital artery, which arise from the bifurcation of the 
common digital arteries. 
= In simple syndactyly, adjacent digits are joined by varying 
amounts of skin and soft tissue. 
" The nail plates may or may not be fused. 
" The joints, ligaments, and tendons of the affected digits 
usually are normal. 
= It is of critical surgical importance that the bifurcation of the 
digital arteries and nerves may be abnormally distal in cases of 
syndactyly. 


PATHOGENESIS 


= Syndactyly represents a failure of differentiation and is so 
classified by the embryologic classification of congenital 
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Release of Simple Syndactyly 
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anomalies adopted by the International Federation for 
Societies for Surgery of the Hand. 

=" Embryologically, the digits arise from condensations of meso- 
derm within the rudimentary hand paddle of the developing 
upper limb. 

=" During the Sth and 6th weeks of gestation, interdigital clefts 
form through the process of apoptosis, or programmed cell 
death, beginning at the digital tips and proceeding in a distal- 
to-proximal direction. 

=" The apical ectodermal ridge regulates this embryologic 
process, in conjunction with fibroblast growth factors, bone 
morphogenetic proteins, transforming growth factors, home- 
obox gene products, and the sonic hedgehog protein. 

= Interruption of this precise and highly regulated process 
results in syndactyly. 


NATURAL HISTORY 


= There is no potential for spontaneous resolution. 

= Given the importance of independent digit function in today’s 
world, surgical release is recommended for simple complete syn- 
dactyly, with few exceptions. 

=" When digits of differing lengths are joined, the syndactyly 
may lead to deformity and growth disturbance, with the longer 
digit typically developing a flexion contracture and angular 
deviation toward the shorter digit. 

= Simple complete syndactyly of the long—-ring interspace may 
be well tolerated and may not significantly compromise growth 
or function in young patients. 

= Simple incomplete syndactylies may be aesthetically subtle 
and cause little functional compromise. In these situations, ob- 
servation may be considered. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" The diagnosis of syndactyly usually is not subtle, and the 

extent of digital involvement typically is readily apparent. 

= Syndactyly is the most common congenital hand anomaly, 

with an estimated incidence of 1 in 2000 to 2500 live births. 
" The true incidence of syndactyly is unknown, in part be- 
cause of the difficulty distinguishing mild simple syndactylies 
from normal web spaces. 


FIG 1° A. Simple incomplete syndactylies of the 
bilateral third web spaces, with the left hand 
more severely affected. B. Simple complete syn- 
dactyly of the second and third web spaces is 
seen in another patient. Observe the conjoined 
fingernail (synonychia) between the long and 
ring fingers. (Copyright © 2006 Children’s 
Orthopaedic Surgery Foundation.) 


= The third web space is most commonly affected (50%), fol- 
lowed by the fourth (30%), second (15%), and first (5%) web 
spaces. 

= Males tend to be more commonly affected than females, and 
whites more than blacks or Asians. 

= Inheritance is thought to be autosomal dominant with in- 
complete penetrance and variable expression. 

= The absence of differential motion of the affected digits sug- 
gests a complex or complicated syndactyly. 

= Because the joints and tendons usually are normal, patients 
typically have flexion and extension creases over the interpha- 
langeal joints and active digital motion. 

= Syndactyly may exist in isolation or may be seen in the con- 
text of associated clinical syndromes, including Poland syn- 
drome, Apert syndrome, and constriction band syndrome. For 
this reason, careful evaluation of the entire upper extremity, 
contralateral upper limb, chest, and feet is advised. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiographs of the affected digits or hand are routinely 
obtained to accurately classify the syndactyly and assess for 
bony fusions or interposed or accessory bones (FIG 2), 

= MRI, angiography, or other diagnostic studies are not typi- 
cally obtained, because they do not assist surgical decision- 
making or operative treatment. 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management may be considered for mild, 
simple incomplete syndactyly. 

=" Nonoperative treatment also may be favored in cases of com- 
plicated syndactyly with the so-called “superdigit” or in cases of 
complex polysyndactyly, because of the difficulty in achieving 
reproducible functional improvement with surgical release. 

=" However, given the importance of independent digital mo- 
tion—particularly in the current keyboard-driven digital age— 
nonoperative treatment of simple complete syndactyly is not 
recommended. 


SURGICAL MANAGEMENT 


=" General surgical principles include the following: 
= Digits of differing lengths should be released early to pre- 
vent deformity and growth disturbance of the affected digits. 
" Digits should be operated upon on only one side at the 
same time, to avoid vascular embarrassment. 





FIG 2 © A. AP radiograph of the patient depicted in Figure 1B. 
Note the simple complete syndactyly between the index and 
long fingers and a complex complete syndactyly between the 
long and ring fingers. B. AP radiograph depicting a complicated 
polysyndactyly in another patient. 
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" Local skin flaps should be used to recreate the commis- 
sure to avoid scar contracture and “web creep.” 

" Zigzag lateral flaps should be created to avoid longitudi- 
nal scar contracture. 

" Judicious defatting of the skin flaps should be performed 
to facilitate skin closure, reduce tension across the flaps, and 
improve the aesthetics of the reconstructed fingers. 

" Full-thickness skin grafts typically are used to cover “bare 
areas” after syndactyly release. (In cases of simple complete 
syndactyly, the combined circumference of the separated 
digits is 22% greater than the original circumference of the 
syndactylized digits.)”” 


Preoperative Planning 


= The timing of surgery must be considered in preoperative 
planning. 
= There is great variability in recommendations of when re- 
leases should be performed. 
= Flatt wrote, “I believe one should ask not how soon the 
operation can be done but rather how late the functional de- 
mands of the hand will allow postponement of surgery.” 
" In general, releases are performed between 6 and 24 
months of age. 
= As mentioned, digits of differing lengths (eg, thumb-index syn- 
dactyly) should be released earlier to avoid secondary deformity. 
= There is some evidence that releases performed after 18 
months have better long-term outcomes with lower incidence 
of web creep.'%"? 
Positioning 
= The patient is positioned supine with the affected limb sup- 
ported on a hand table. 
= Placement of a sterile or nonsterile tourniquet must be suffi- 
ciently proximal to allow access to the antecubital fossa, if 
full-thickness skin graft is to be taken from that site. 
= If the skin graft is to be harvested from the inguinal region, the 
ipsilateral groin is prepared and draped to allow for easy access. 
=" Before draping, a surgical pen may be used to mark the in- 
guinal skin fold when the hip is flexed; graft harvest along this 
axis will allow for a more aesthetic skin closure. 
=" Care should be taken to harvest the skin graft lateral to the 
femoral artery to avoid transfer of hair-bearing skin. 


Approach 


=" The principles of separation for simple complete syndactyly 
are well accepted; however, there is tremendous variation in the 
surgical incisions and skin flap designs used for these operations. 
= All use local tissue to reconstruct the interdigital commis- 
sure, and all employ interdigitating zigzag lateral flaps. Dorsal 
skin flaps are preferred for commissure reconstruction, be- 
cause of their pliability and ability to recreate the normal dor- 
sal-proximal to volar—distal slope of the web. 

=" When dorsal skin is used to create the commissure, the 
length of the dorsal flap should approximate two thirds of the 
length of the proximal phalanx to create an appropriate slope 
to the web. The proximal extent of the volar incision will be- 
come the new palmodigital crease (FIG 3A). 

=" Furthermore, flaps are designed to interdigitate during clo- 
sure; to achieve this, palmar triangular flaps are based at the 
level corresponding to the apex of the dorsal flaps. These flaps 
usually are fashioned to traverse between the midlines of the 
syndactylized digits. 

=" FIGURE 3B shows examples of skin incisions for simple 
complete syndactyly releases.’” 
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FIG 3 e A. Skin incision design. The dorsal skin flap measures approximately two thirds the length of the proximal phalanx, and 
the zigzag incisions are fashioned between the midlines of the syndactylized digits. B-I. Skin incisions used for release of simple 
complete syndactyly. B: Cronin, 1943. C: Flatt, 1962. D: Blauth, 1970. E: Hentz, 1977. F: Upton, 1984. G: Gilbert, 1986. H: Wood, 
1998. I: James, 2005. 
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RELEASE OF SIMPLE SYNDACTYLY 


Release of Simple Complete 
Syndactyly Using Full-Thickness 
Skin Graft 


After the tourniquet is inflated, the skin is incised, and 

hemostasis achieved with bipolar electrocautery (TECH 

FIG 1A,B). 

Dorsal skin flaps are raised first, preserving the extensor 

paratenon. 

Volar skin flaps are then raised, and neurovascular bun- 

dles are identified. 

Digits are carefully separated distal-to-proximal, releasing 

the interdigital fascia that often connects the syndactyl- 

ized digits (TECH FIG 1C). The transverse metacarpal liga- 

ment is not divided. 

The bifurcation of the common digital artery and nerve 

is identified; if there is a distal bifurcation precluding 

restoration of the commissure with the dorsal skin flap, 

consideration may be given to splitting the fascicles of 

the common digital nerve or ligating one of the proper 

digital arteries. 

= For isolated syndactyly release, the smaller-caliber or 
nondominant artery may be taken. 


Chapter 47 RELEASE OF SIMPLE SYNDACTYLY 


= If a syndactyly release is planned on the other side of 
one of the digits, its proper digital artery should be 
preserved. 

Skin flaps are then defatted and allowed to interdigitate. 

The dorsal skin flap is then advanced to the palmodig- 

ital crease and secured with multiple interrupted 5-0 

absorbable sutures (eg, chromic or polyglactin; TECH 

FIG 1D). 

Interdigitated skin flaps are similarly reapproximated 

with multiple interrupted 5-0 absorbable suture. 

Skin defects are identified and covered with full-thickness 

skin graft, which may be harvested from the hypothenar 

eminence, antecubital fossa, or inguinal region (TECH 

FIG 1E). 

The tourniquet is deflated, and vascularity of the digits 

and flaps is confirmed. 

A non-adherent gauze bolstered with moist cotton is 

then placed into the newly formed web space, applying 

gentle compression to the skin graft sites. 

™ Care should be taken to place the dressing deep within 
the commissure to avoid re-syndactylization during the 
healing process. 





TECH FIG 1 « Dorsal (A) and volar (B) incisions for planned release of simple complete syndactyly of 
the long and ring fingers. C. The digits have been separated. D. The dorsal skin flap is sewn in to recre- 
ate the interdigital commissure. E. Completion of the release with full-thickness skin grafting. 
(Copyright 2006 Children’s Orthopaedic Surgery Foundation.) 
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= An above-elbow cast is then applied with the elbow in 90 
degrees of flexion, with liberal use of casting material to 
protect the surgical dressing. 


Reconstruction of the Paronychium 


=m In cases of simple complete syndactyly, the nail plates of 
the involved digits are conjoined, a phenomenon known 
as synonychia. 

= Although division of the midportion of the nail plate is 
easily performed, care must be made to reconstitute the 


nail folds. 
=" Ideally this is performed using local tissue from the 
digital pulp. 


=" Laterally based flaps are incorporated into the skin in- 
cisions, raised from the shared hyponychium at the 
digital tips (TECH FIG 2). 

=" The length of the flaps should equal the length of the 
nail plate. 

™ Once these flaps are raised and the digits separated, 
the flaps are easily rotated and reapproximated adja- 
cent to the new nail plates, recreating a paronychial 


fold. 
® Alternative solutions, including the use of skin graft, TECH FIG 3 * Schematic diagram depicting incisions used to 
perform “graftless” syndactyly releases. (A: From Sherif, 1998. 
B: From Niranjan and DeCarpentier, 1990, and Ekerot, 1996.) 





thenar or hypothenar flaps, or free composite toe 
grafts, are more involved and may provide less pleas- 
ing aesthetic results. 


Technique of “Graftless” Syndactyly 
Release = In general, principles of syndactyly release mentioned 


= Simple complete syndactyly releases may also be earlier apply. 
performed without the need for full-thickness skin = In “graftless” techniques, however, dorsal skin is raised 
grafting.>" from the dorsum of the hand and advanced to recreate 


the interdigital commissure. The resulting defect is 
closed primarily in the fashion of a V-Y advancement flap 
(TECH FIG 3). 

= Because proximal skin is used to recreate the web, more 
tissue is available to allow for primary closure of the dig- 
its following judicious defatting of the flaps, obviating 
the need for skin grafting. 

= The use of preoperative tissue expansion to avoid the 
need for skin grafting for syndactyly release has been 
proposed. Results have been unpredictable at best, 
however, and this approach currently is not widely 
accepted. 


Local Skin Flaps for Simple 
Incomplete Syndactyly 


= In cases of simple incomplete syndactyly in which the 
web does not extend beyond the level of the proximal 
interphalangeal joint (ie, the length of the syndactyly 
does not exceed the desired depth of the reconstructed 
interdigital commissure), release may be performed 
using local skin flaps without the need for full-thickness 
skin grafting. 

= Multiple flap designs have been proposed, and, in gen- 
eral, all are variations of double opposing Z-plasties'*'® 

TECH FIG 2 « Schematic diagram depicting the incisions used (TECH FIG 4). 

to release a synoncychia, using local tissue to reconstitute the ™ In these situations, brief postoperative cast immobiliza- 

nail folds. tion is recommended until skin flaps have healed. 











PEARLS AND PITFALLS 
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TECH FIG 4 e Schematic diagram 
depicting incisions used to per- 
form release of simple incom- 
plete syndactyly. 





Patient selection 


= Caution should be used when considering release of the “super digit” or polysyndactyly, because 


functional results are mixed, and postoperative deformity may ensue. 


Surgical approach 


= The proximal edge of the volar incision may be placed proximal to the palmodigital crease to 


account for possible late web creep. 


Commissure reconstruction 


= Zigzag closure of the interdigital commissure is preferred over transverse incisions to avoid scar 


contracture and subsequent narrowing of the web space. 


Interdigitating flaps 
of skin graft needed. 


Graft harvest 


® Judicious defatting of the triangular flaps will allow for tension-free closure and reduce the area 


® If skin graft is taken from the inguinal region, care should be taken to avoid transfer of hair- 


bearing skin. This is difficult to assess in the young child; however, harvest lateral to the femoral 


artery can serve as a helpful guide. 


Postoperative care 


= The importance of the postoperative dressing and immobilization cannot be overstated. Non- 


adherent gauze with appropriate bolsters placed over the skin grafts and deep into the recon- 
structed commissure will optimize skin graft “take” and lessen the risk of re-syndactylization 


during the healing period. 


POSTOPERATIVE CARE 


=" Cast immobilization usually is discontinued after 2 to 
4 weeks. 

=" The wound is kept dry until the scabs desiccate and fall off. 
= Silicone gel sheets, elastomere, or scar molds may be used to 
minimize hypertrophic scar formation. 

=" Formal occupational therapy for motion and strengthening 
is not typically required, because most children will use their 
hands quite readily with activities of daily living. 


OUTCOMES 


= Very little has been published regarding long-term outcomes 
following surgical release of syndactyly. 


=" Furthermore, interpretation of the available literature is dif- 
ficult given the diversity of clinical presentations, surgical tech- 
niques, and methods of evaluation. 
= In general, syndactyly release can be expected to provide ex- 
cellent independent digital function with acceptable aesthetic 
results when performed according to the principles outlined in 
this chapter. 
=" Colville’ reported the results of 57 simple syndactyly re- 
leases performed over a 10-year period with minimum 2-year 
follow-up. 
" Two patients required reoperation for early graft failure, 
and three others demonstrated slight angular deformity 
due to scar contracture, but they did not require additional 
surgery. 
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= D’Arcangelo et al* published their results of 122 releases in 
50 patients with minimum 8 years of follow-up. 
" Satisfactory functional and aesthetic results were seen in 
most patients, but eight patients demonstrated web creep 
and three patients developed scar contractures. 
= DeSmet et al° reported their results of 50 syndactyly releases 
in 24 patients. 
" A normal or near-normal web was seen in 74% of cases, 
and cosmesis was deemed satisfactory in 64%. 
=" In their review of 218 releases performed in 100 patients, 
Percival and Sykes’? noted that 42 patients required secondary 
surgery for web creep (22%) and contracture (26%). 
= Toledo and Ger'* published their results of 176 releases per- 
formed in 61 patients with average 14-year follow-up. 
= Secondary procedures were performed in 30% of patients 
with simple syndactylies. 
= The need for secondary surgery was associated with oper- 
ations performed before the age of 18 months, the use of 
split-thickness skin grafts, and the presence of complex or 
complicated syndactyly. 


COMPLICATIONS 


=" With adherence to the principles presented in this chapter 
and meticulous surgical technique, the risk of complications 
may be minimized; however, up to one third of patients may 
require secondary procedures following simple complete syn- 
dactyly release. 
= Digital necrosis is the most serious potential complication of 
syndacytly release. Careful identification and preservation of 
the digital arteries—in addition to avoidance of surgical 
release of both the radial and ulnar sides of a single digit at the 
same time—is critical to avoid vascular embarrassment and 
digital loss. 
= Skin graft failure may result from hematoma formation be- 
neath the graft or shear stresses imposed on the graft during 
the healing process. 
= This risk may be greater in younger patients, in whom 
appropriate graft tensioning is more difficult and in whom 
postoperative immobilization is a greater challenge. 
= If allowed to heal by secondary intention, subsequent 
hypertrophic scar formation may lead to suboptimal aes- 
thetic and functional results. 
= Skin flap failure due to devascularization is less common but 
also may lead to scarring and secondary contracture. 
" Triangular skin flaps should be designed with tip angles 
greater than 45 degrees to prevent tip necrosis. 
" Careful defatting of the flaps and primary closure without 
excess tension, in addition to assessment of flap viability 
after tourniquet release, will further aid in preventing skin 
flap complications. 
=" Contractures and angular deformity of the released digits 
may occur owing to linear scars on the radial or ulnar aspects 
of the fingers. 
" Use of zigzag incisions and interdigitating flap designs will 
minimize this risk. 
= Nail plate deformity is common after simple complete syn- 
dactyly release in the presence of a synonychia. 


= Although techniques of nailfold reconstruction using dis- 
tal pulp tissue will optimize aesthetic results, patients and 
families should be counseled in advance regarding this com- 
mon occurrence. 
= “Web creep” refers to the distal migration of the recon- 
structed interdigital commissure with continued growth and 
is a common occurrence following syndactyly release, with a 
variously reported incidence of between 7% and 60% of 
cases. 
" Some evidence suggests that the risk of web creep may be 
diminished if release is performed after 18 months of age. 
= Other factors that may contribute to web creep include 
inappropriate flap design for commissure reconstruction, 
the use of split-thickness rather than full-thickness skin 
grafts, skin graft loss, and creation of a transverse linear scar 
in the reconstituted web space. 
" In cases of clinically significant web creep, secondary re- 
leases may be required. 
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DEFINITION 


= The thumb-in-palm deformity is a fixed adduction-flexion 
posture in the affected hand of the patient with spastic cerebral 
palsy. This influences both hand function and hygiene. 


ANATOMY 


=" Imbalance of the spastic thumb flexor—adductor and the 
paretic thumb extensor results in thumb-in-palm deformity 
(FIG 1A). 

=" The adductor pollicis (AP) is the most commonly involved 
muscle; the abductor pollicis brevis (APB) is usually not 
involved.'” 

= The spastic AP, the first dorsal interosseous muscle, or both 
adduct the thumb and index metacarpals and cause first web 
space contracture. 

=" If the flexor pollicis brevis (FPB) is spastic, the thumb 
metacarpophalangeal (MCP) joint will develop a flexion 
deformity. 

=" Involvement of both the AP and FPB results in a thumb flex- 
ion and adduction posture with the thumb lying across the 
palm. 

=" Involvement of the flexor pollicis longus (FPL) results in 
added thumb interphalangeal (IP) joint flexion (FIG 1B). 

=" Weak thumb extensor and abductor pollicis longus (APL) 
may also contribute to the deformity. 








FIG 1 © Thumb-in-palm deformity (A) demonstrating metacar- 
pophalangeal laxity and hyperextension (B). 
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=" Active function of the extensor pollicis longus (EPL) and 
extensor pollicis brevis (EPB) may result in hyperextension of 
the thumb MCP joint. 


PATHOGENESIS 


=" Upper motor neuron lesions due to antenatal cerebral infarcts, 
kernicterus, intraventricular bleeding, head trauma, anoxia, and 
other causes result in spasticity, which in turn causes shortening 
of the myotendinous unit and secondary contractures. 
= Paresis of muscles may contribute to greater deformity 
when spastic muscles are unopposed. 


NATURAL HISTORY 


=" A supple thumb-in-palm posture is a normal finding in in- 
fants during the first year. Persistence of a tightly closed thumb 
in palm longer than 1 year is abnormal and should be evaluated. 
= The deformity is usually correctable at first and then pro- 
gresses to a fixed deformity as myostatic contracture develops. 
= A progressive and variable-size discrepancy of the involved 
limb may develop, resulting in a smaller thumb." 

=" The lack of thumb extension and abduction can impair 
hand grip, function, appearance, and hygiene. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= A complete history and physical examination of a child with 
cerebral palsy should be done carefully and thoroughly. 
=" Input from other professionals such as neurologists and 
occupational therapists is often helpful. 
= Repeated observation or videotaping of the child during var- 
ious activities can also be useful for accurate evaluation. 
=" The diagnosis and pattern of cerebral palsy should be con- 
firmed before planning treatment. 
= Associated deformities of the spastic upper extremity such as 
finger and wrist flexion, forearm pronation, elbow flexion, and 
shoulder adduction and internal rotation should also be evalu- 
ated. Surgical treatment of thumb-in-palm deformity may be 
only one part of surgical care of the involved extremity. 
=" Thumb muscle involvement, motion, and stability should be 
evaluated in the physical examination before organizing the 
treatment plan. 
= Individual muscle involvement is detected by observing 
thumb position and palpating spastic or contracted muscles 
(Table 1). 
=" Motion and stability are assessed by passive and active 
range of thumb abduction—adduction, flexion—extension, 
and palmar abduction and opposition. 
= The pattern of voluntary grasp and release of large objects 
and manipulation of small objects should be determined by 
observing the child during functional activities. 
= Sensory deficits impair function. Assessment of sensation 
should include stereognosis. 
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| Tablet © Grading of Thumb-in-Palm Deformity 


Degree of 
Deformity 
Simple deformity 


Illustration 


Intrinsic deformity 


Extrinsic deformity 


Most severe: combined 
intrinsic and extrinsic 
deformity 





Type Il 


Type Ill 


Type IV 


Classification 
House (1981) 
Type | 


Tonkin (2001) Description 
Spastic or contracted AP, first dorsal 


interosseous muscle, or both 


Type 1 Spastic or contracted AP, first dorsal 
interosseous, or both 
Spastic or contracted FPB 


Spastic or contracted AP, first dorsal 
interosseous, or both 

Compensatory action of EPL and EPB to 
the unstable MCP joint 

Absence of spastic FPL 


Type 2 Spastic or contracted FPL 
Paretic EPL 


Type 3 Spastic or contracted AP, first dorsal 
interosseous, or both 
Spastic or contracted FPB and FPL 


AP, adductor pollicis longus; EPB, extensor pollicis brevis; EPL, extensor pollicis longus; FPB, flexor pollicis brevis; FPL, flexor pollicis longus; MCP, metacarpophalangeal. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Electrophysiologic testing and selective nerve blocks may 
help in localizing involved muscles and identifying muscles 
available for tendon transfers. 

= Select nerve blocks may help differentiate between spastic, 
spared, and fibrotic muscles. 

=" Dynamic electromyography (EMG) with motion analysis 
may offer important information for planning tendon transfer 
surgery.” 

=" Radiographs may reveal thumb joint instability or growth 
disturbance. 


DIFFERENTIAL DIAGNOSIS 


=" Clasped thumb 
= Distal arthrogryposis 
= Absence of thumb extensor (faux extensor agenesis) 


NONOPERATIVE MANAGEMENT 


= Use of tone-reducing medication such as botulinum toxin to 
the adductor pollicis can soften the deformities and improve 
joint range of motion for nonoperative management.” 

=" In mild deformity, nonoperative treatment with orthoses 
may help in maintaining thumb abduction, but too-rigid 
splinting may result in limited thumb motion. 
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SURGICAL MANAGEMENT 


=" The principles of surgery for thumb-in-palm deformity are 
the following’: 

" Release of spastic muscles or contractures 

= Augmentation of paretic muscles 

" Stabilization of unstable thumb joints 
=" Release of contracture with or without augmentation of 
weak muscles aims to rebalance the thumb muscles, depending 
on the pattern of motor dysfunction of the thumb and the pa- 
tient’s degree of voluntary control. 
= Release of spastic muscle or myostatic contractures can be 
performed by intrinsic muscle release of the AP, FPB, APB, and 
first dorsal interosseous. 

" Extrinsic muscle release of the FPL may be considered if 

it is affected. 

" Secondary skin and fascial contracture of the first web 

space need to be addressed by four-flap or double-opposing 

Z-plasty. 
=" Augmentation of paretic thumb abduction and extension 
can be accomplished by a combination of tenodesis and ten- 
don rerouting or transfers and depends on the specific deficit, 
the muscles available, and the extent of voluntary control of 
selected muscles. 
" Thumb MCP joint arthrodesis or sesamoid capsulodesis 
should be considered for stabilizing the thumb MCP joints 
when the joint remains unstable.* 

" These joint stabilization procedures can also enhance ten- 

don transfer procedures for extension—abduction. 
" Thumb MCP joint arthrodesis is considered when tendon 
transfer fails to correct the deformities or when sesamoid cap- 
sulodesis cannot control the hyperextension of the MCP 
joint.’ 
=" Thumb carpometacarpal (CMC) joint stabilization is indi- 
cated when metacarpal adduction cannot be controlled. CMC 
fusion, which preserves scaphotrapezial motion, is preferable 
to the rigid intermetacarpal fusion.” 
=" Thumb IP joint fusion is usually not necessary, but this 
procedure may be indicated when the IP joint flexion contrac- 
ture is severe or in the rare event of an FPL rupture after 
lengthening. 
=" Table 2 lists surgical options for treating thumb-in-palm 
deformity. 


Preoperative Planning 


=" General planning for surgery includes comprehensive evalu- 
ation with a multispecialty approach. 

= Surgery should be done when the central nervous system has 
matured and the child is old enough to cooperate with postop- 
erative therapy—usually at least 5 to 6 years old.” 

= Associated abnormalities (eg, seizures, mental status prob- 
lems) should be assessed and the management optimized 
before surgery is contemplated. 

= Patient understanding and emotional readiness as well as 
family and social support should be addressed before 
surgery. 

=" Physical examination under anesthesia is crucial. This can 
differentiate spastic from myostatic conditions and can 
accurately evaluate the stability of thumb joints. 





Surgical Options for 
Correcting Thumb-in-Palm 
Deformity 


Releases 
Adductor release in palm 
Adductor tenotomy 
First dorsal interosseous release 
FPB release 
FPL slide 
First web-skin and fascia release 
Augmentation of APL, EPL, EPB using: 
Brachioradialis 
FDS 
Pll 
EPL to EPB 
FCR or FCU 
ECRL 
APL tenodesis 
Through radius to brachioradialis, ECRL, FCR through first dorsal 
compartment 
Joint stabilization 
CMC joint fusion 
MCP joint sesamoid capsulodesis 
MCP joint fusion 
IP joint fusion 


APL, adductor pollicis longus; CMC, carpometacarpal; ECRL, extensor carpi radialis 
longus; EPB, extensor pollicis brevis; EPL, extensor pollicis longus; FCR, flexor carpi 
radialis; FCU, flexor carpi ulnaris; FDS, flexor digitorum superficialis; FPB, flexor pollicis 
brevis; FPL, flexor pollicis longus; IP, interphalangeal; MCP, metacarpophalangeal; 

PL, pollicis longus. 

(Adapted from Tonkin MA. Thumb deformity in the spastic hand: classification and 
surgical techniques. Tech Hand Up Extrem Surg 2003;7:18-25.) 


Positioning 
= The patient is placed in the supine position, and surgery is 
performed under general anesthesia and tourniquet control. 


Approach 


=" Surgical approaches for thumb-in-palm deformity depend 
on the objectives. 

= Release of static or longstanding intrinsic contracture is usu- 
ally performed through a curved incision located over the line 
of the thenar crease to release the origin of the adductor polli- 
cis with or without the origin of the FPB.” 

= Release of a simple intrinsic contracture may be performed 
through the first web space approach to release the adductor 
pollicis and the first dorsal interosseous muscle, combined 
with four-flap or double-opposing Z-plasty to release the sec- 
ondary web space contracture.” 

= A surgical approach by a small incision over the volar aspect 
of the distal forearm is used for extrinsic release of the FPL 
tendon, if necessary. 

= A dorsal approach to the thumb and a dorsoradial approach 
over the wrist is used for augmentation of thumb extensors, 
with a volar-radial approach being used for augmentation of 
the thumb abductor. 
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RELEASE OF CONTRACTURES 


Release of Static Intrinsic 
Contracture 


A curved skin incision is performed next to the line of the 
thenar crease, extending distally from the carpal tunnel 
area (TECH FIG 1A). 

The superficial palmar arch and median nerve, including 
its motor branch to the thenar muscle, distal to the trans- 
verse carpal ligament are identified and protected. 
Careful dissection must be performed because occasion- 
ally the motor branch comes through the transverse 
carpal ligament instead of being distal to this structure 
(TECH FIG 1B). 

The flexor digitorum sublimis and profundi are identified 
and retracted ulnarly with the neurovascular bundle. 
The transverse head of adductor pollicis is identified and 
divided from its origin on the third metacarpal (TECH 
FIG 1C,D). 

The motor branch of the ulnar nerve and the deep pal- 
mar arch are identified and protected. 

Release of the oblique head of the adductor pollicis from 
its origin at the bases of the second and third 
metacarpal, capitate, and trapezoid is performed. 

The FPB origin at the transverse carpal ligament and 
trapezium may also be released if this muscle limits ab- 
duction and extension of the thumb ray. 

The first dorsal interosseous may be released at the dis- 
tal portion of the muscle from the ulnar aspect of the 


first metacarpal if needed to obtain adequate passive ab- 
duction and extension of the thumb. 


Release of Simple Intrinsic 
Contracture 


A four-flap Z-plasty over the contracted first web space is 
designed (TECH FIG 2A,B). 

After the skin incision, the dorsal fascia is incised while 
protecting the neurovascular bundles. 

The first dorsal interosseous is released at its origin from 
the thumb metacarpal. 

The adductor pollicis is lengthened by release in an oblique 
cut at its intramuscular tendon; the surgeon should aim to 
preserve some adductor function (TECH FIG 2C). 

Four skin flaps are rearranged to increase the first web 
space (TECH FIG 2D). 


Release of Extrinsic Contracture 


A small longitudinal incision over the distal-volar aspect 
of the forearm is performed. 

The FPL tendon is exposed and incised over the musculo- 
tendinous portion. 

The thumb interphalangeal joint is hyperextended until 
1 cm of distal sliding of the FPL tendon is identified. 
The FPL may be lengthened by Z-lengthening of the FPL 
tendon, with 0.5 mm of lengthening for each degree of 
correction. | 








TECH FIG 1 e Intrinsic release. A. A curved incision is made over the 
thenar crease. B. Thenar release showing motor branch. C,D. Thumb 
D intrinsics are released. 
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TECH FIG 2 « Four-flap Z-plasty over first web space. A,B. Skin 
markings. C. Elevation of flaps and adductor exposure. 
D. After rotation of skin flaps. 





AUGMENTATION OF WEAK MUSCLES 


Abductor Pollicis Longus 
Augmentation 


= Two small transverse incisions over the volar wrist crease 
and the first extensor compartment are made, aiming to 
expose the palmaris longus (PL) or flexor carpi radialis 
(FCR) and APL, respectively. 

= The superficial branch of the radial nerve is identified 
and protected. 

= The first extensor compartment is then opened, and the 
APL is identified. Each slip of the APL tendon should be 
pulled into tension to show the best slip for car- 
pometacarpal joint abduction. 

= At the volar incision, the palmar branch of the median 
nerve is identified and protected. The PL tendon is then 
divided. 

= — The selected APL tendon slip is translocated volarly until 
acceptable thumb metacarpal abduction is achieved. 

= The PL tendon is passed through a subcutaneous tunnel 
to the volar-radial incision. 

=m End-to-side tendon weave of the PL to the translocated 
APL is then performed under sufficient tension to obtain A B 
appropriate thumb abduction (TECH FIG 3A). 

= Alternatively, the APL tendon may be cut and the distal 
segment rerouted volarly and woven with end-to-end 





TECH FIG 3 « A. Transfer of palmaris longus to translocated 
abductor pollicis longus (APL) by end-to-side anastomosis. 
B. APL augmentation by rerouting of the distal segment and 
PL or end-to-side FCR. The proximal segment of the anastomosis with end-to-end pollicis longus or end-to-side 
APL may be used to augment thumb MCP joint exten- flexor carpi radialis. Thumb metacarpophalangeal joint exten- 
sion by end-to-side anastomosis with the EPB (TECH sion is augmented by anastomosis of the proximal segment of 
FIG 3B). APL with end-to-side extensor pollicis brevis. 
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Extensor Pollicis Longus Rerouting 


A dorsal skin incision over the thumb MCP and IP joint 
and another small longitudinal incision just ulnar to the 
Lister tubercle are used for this procedure.® 

The EPL tendon is identified and divided 10 mm distal to 
the MCP joint. The tendon is then retracted out to the 
second incision (TECH FIG 4A). 

The EPL tendon is rerouted to the radial aspect of the 
Lister tubercle and passed subcutaneously around the 
APL and EPB tendon (TECH FIG 4B). 

The tendon is then passed through the MCP joint capsule 
(TECH FIG 4C). 





The thumb is set in appropriate abduction and IP exten- 
sion. The rerouted EPL is sutured back to the extensor 
mechanism 10 mm distal to the defect. 

The rerouted EPL may be reinforced by the transfer of 
the PL, FCR, or brachioradialis. 

The EPL may be divided proximal to the Lister tubercle, 
leaving the tendon attached to its insertion. Rerouting is 
then performed from distal to proximal (TECH FIG 4D).® 
The EPL may be rerouted to the new pulley created from 
the extensor retinaculum (TECH FIG 4E,F).' 


TECH FIG 4 e Extensor pollicis longus (EPL) rerouting. A. EPL tendon is divided distally and mobilized. B. The tendon is rerouted 
to the radial aspect of the Lister tubercle and passed subcutaneously around the abductor pollicis longus and extensor pollicis 
brevis tendon. C. The rerouted EPL is sutured back to the extensor mechanism. D. Modified EPL rerouting technique. The EPL 
tendon is divided proximal to the Lister tubercle, rerouted to the first extensor compartment, and sutured back to the proxi- 
mal stump. E,F. EPL routing to the retinaculum. E. The EPL tendon is released from the third extensor compartment and 
rerouted radially. F. The new pulley for the rerouted EPL is created from the extensor retinaculum. 


STABILIZATION OF THUMB METACARPOPHALANGEAL JOINT 


Thumb Metacarpophalangeal Joint 
Arthrodesis 


A dorsoulnar incision is made over the thumb MCP joint. 
The extensor mechanism is split longitudinally, and the 
ulnar collateral ligament is then detached from the 
metacarpal head to expose the joint (TECH FIG 5A). 

The articular cartilage of the metacarpal head is re- 
moved with a scalpel and the proximal phalanx epiphysis 


is shaved until the secondary center of ossification is 
exposed (TECH FIG 5B). This allows fusion of the epiphy- 
ses and preserves the physis. 

The joint is set in 10 degrees of flexion, 10 degrees of 
abduction, and slight pronation,? and a small (1 mm in 
diameter), smooth Kirschner wire is passed through the 
joint centrally to minimize epiphyseal damage (TECH 
FIG 5C). 
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TECH FIG 5 e Thumb metacarpophalangeal (MCP) arthrodesis. A. After the extensor mech- 
anism over the MCP joint is split longitudinally, the ulnar collateral ligament is detached 
from the metacarpal head. B. The articular cartilage of the metacarpal head is removed. 
The epiphyseal plate of the proximal phalanx is preserved. C. After the joint is set, smooth 
Kirschner wires are used to maintain the joint position. 


Sesamoid Capsulodesis = The suture is passed through the sesamoid-volar plate 
. rn dd ditt , eam and metacarpal defect with straight needles by using a 
curved dorsoradial incision is made over the thum ; ; 
. Kirschner wire driver (TECH FIG GA). 
11 
MICE JOMnNG = The MCP joint is set to 30 degrees of flexion. The in- 


=m The accessory collateral ligament is divided at its inser- 
tion into the volar plate. 
= The volar plate is then mobilized to expose the radial 


traosseous suture is then tied over the dorsal surface of 
the metacarpal under the extensor tendons to secure the 
sesamoid to the metacarpal neck. 


: a eannney a i Picea A = A Kirschner wire is passed through the joint to maintain 
Di ane aT are enn ler esargins ay tenee erie ver the joint position for 6 weeks (TECH FIG 6B). 
tical defect is created at the head—neck junction of the 
metacarpal. 
Collateral 
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A Palmar plate , Sesamoid B- Seam repaired 


TECH FIG 6 « Sesamoid capsulodesis. The volar plate is mobilized to expose the 
radial sesamoid. The articular cartilage of the sesamoid is denuded corresponding 
with the cortical defect created at the head—-neck junction of the metacarpal. 
A. The suture is passed through the sesamoid-volar plate and metacarpal defect. 
B. The intraosseous suture is tied over the dorsal surface of the metacarpal under 
the extensor tendons. A Kirschner wire is used to maintain the joint position. 





PEARLS AND PITFALLS 





General approach = A comprehensive history and physical examination, including appropriate investigations with 
other professionals, should be done for accurate diagnosis and treatment planning. 
Patient selection # Voluntary control of the selected muscle, which indicates the potential active use of the hand 


postoperatively, is important for selection of surgical candidates. 
Procedure selection = The procedures must be individualized because of variation in deformities in each patient. 
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Release of spastic muscle 
and contractures 


= Selective release of the deforming forces is performed in sequential order to obtain adequate, 
functional thumb positions. 
= Adjacent neurovascular structures must be protected with care. 


Augmentation of 
paretic muscles 
procedures across it. 


Joint stabilization 


= The muscle selected for transfer depends on the availability and the extent of voluntary control. 
= The stability of the metacarpophalangeal joint is evaluated before performing any augmentation 


® Joint stabilization is the key to success of rebalancing the thumb-deforming forces. 


= The epiphyseal plate of the proximal phalanx must be preserved with care. 


POSTOPERATIVE CARE 


= Postoperative care for contracture releases includes immobi- 
lization in a short-arm thumb spica cast maintaining full 
thumb radial abduction and 20 degrees of palmar abduction 
for 4 weeks. 

=" Removable splinting is then continued for another 4 to 
6 weeks. 

= If tendon transfer has been done, immobilization should be 
extended to 6 weeks, followed by additional splinting for 
6 weeks, Dynamic splinting may be considered. 

=" Immobilization of the MCP arthrodesis with a thumb spica 
cast should be continued until radiographic healing is detected. 


OUTCOMES 


=" The functional outcome of thumb-in-palm deformity should 
be assessed before and after surgery by the physician, thera- 
pist, parent, and patient. 
= House et al* demonstrated improved functional grade in all 
56 patients postoperatively. Half of patients improved three or 
more grades. 
" Tonkin et al'* found good results in 32 patients after surgi- 
cal correction of thumb-in-palm deformity. The average fol- 
low-up was 32 months (range, 10 to 88 months), 
" The thumb was maintained out of palm in 29 of 32 pa- 
tients (30 of 33 thumbs). 
" Patients could perform lateral pinch in 26 of 33 thumbs. 
" Many patients improved function, but no patient im- 
proved from dependent to independent functioning. 


COMPLICATIONS 


= Inadequate release of contracted or fibrotic muscle may re- 
sult in insufficient release of the thumb out of the palm. 

= Adhesions along the transferred tendon may cause loss of 
excursion postoperatively. 

= Improper techniques such as overlengthening and an incor- 
rect vector of transfer may result in limited active abduction 
and extension of the thumb. 


= Untreated or inadequate treatment of an unstable MCP joint 
may result in failed tendon transfer. 

=" Avoiding neurovascular injury is crucial. Care should be 
taken to properly identify and protect neurovascular bundles 
throughout surgery. 

=" An improper rehabilitation program and social support may 
result in failed treatment. 
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49 


to Correct Congenital 


Trigger Thumb 


Roger Cornwall 


DEFINITION 


= Pediatric trigger thumb is a condition in which tightness of 
the first annular (A1) pulley of the thumb and an enlargement 
or nodule of the flexor pollicis longus tendon interact to pre- 
vent normal thumb interphalangeal joint motion. 

= This condition appears distinct from pediatric trigger fingers 
and from adult trigger digits, although similarities in 
pathoanatomy and presentation have earned it its name. 

= The term “congenital trigger thumb” is a misnomer, as it 
has yet to be detected at birth in several large series prospec- 
tively examining a combined 14,581 newborns in three 
countries, ‘97145? 7s!? 


ANATOMY 


=" The flexor pollicis longus tendon courses through a flexor 
sheath in the thumb composed of a series of pulleys that pre- 
vent bowstringing of the tendon during thumb flexion. 

=" The most proximal pulley is termed the A1 pulley, given its 
transverse annular nature. Division of this pulley does not 
cause bowstringing of the tendon during thumb flexion. The 
next pulley is the oblique pulley, although some authors have 
described an intervening distinct second annular pulley analo- 
gous to the A2 pulley in the fingers.* These pulleys are impor- 
tant constraints against bowstringing. 

=" The digital nerves to the thumb are in proximity to the 
flexor pollicis longus tendon sheath. The radial digital nerve 
obliquely crosses the tendon sheath just proximal to the A1 
pulley, and the ulnar digital nerve runs parallel to the tendon 
immediately alongside the A1 pulley. Injury to these structures 
is possible during surgical release of the Al pulley, so knowl- 
edge of the precise anatomy is important. 


PATHOGENESIS 


= The pathogenesis of pediatric trigger thumb is unknown. 

= In adults, the pathogenesis of trigger digits has a predomi- 
nantly inflammatory nature. However, in pediatric trigger 
thumb, biopsies have been unable to detect signs of inflamma- 
tion by gross morphology or light or electron microscopy.” 

= A genetic predisposition has been considered, especially in 
cases of bilateral trigger thumb, but a genetic cause for the 
condition is not established.*” 

= Traumatic etiologies have been proposed, but with no clear 
data to support this theory. 


NATURAL HISTORY 


=" The natural history of pediatric trigger thumb has been a 
focus of recent attention. The earliest reports of the condition 
described spontaneous resolution as rare, but newer reports 
have described spontaneous improvement rates of 24% to 
63% 19:15 

= The most recent study’ regarding the natural history of pe- 
diatric trigger thumb reported a 63% resolution rate, although 


the definition of resolution was improvement in passive inter- 
phalangeal joint extension to neutral, not to the normal hy- 
perextension. Furthermore, the average time to reach this 
improvement was 48 months from diagnosis. 
= Therefore, when considering the use of observation to 
treat a pediatric trigger thumb, the clinician should inform 
the parents that the thumb motion will improve but not 
return to normal, and that such improvement will take an 
average of 4 years. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Children typically present from late infancy through 5 years 
of age with painless loss of motion at the interphalangeal joint. 
The “triggering” phenomenon that so commonly occurs in 
adults is rare in children. 

= Parents will usually be unable to determine how long the 
condition has been present. Some parents will describe a pre- 
ceding traumatic injury to the thumb, although such an injury 
may simply call the parents’ attention to the thumb closely 
enough to notice a pre-existing trigger thumb. 

= Functional impairment and pain are unusual complaints, ex- 
cept in the case of active triggering. 

=" The typical physical examination finding is a flexion con- 
tracture of the thumb interphalangeal joint, as the nodule in 
the flexor pollicis longus tendon typically lies proximal to the 
Al pulley, preventing distal excursion of the tendon and ex- 
tension of the interphalangeal joint (FIG 1A). 

=" In a few cases, the nodule lies distal to the Al pulley and the 
thumb rests in an extended position with the child unable 
to actively flex the interphalangeal joint. In this case, the pas- 
sive flexion of the interphalangeal joint is normal, but inter- 
phalangeal joint flexion will not occur by tenodesis with wrist 
extension. 

= In even fewer cases, the child will be able to actively “trig- 
ger” the thumb with active flexion and passive extension. 

=" Regardless of the position of the thumb interphalangeal 
joint, a nodule is easily palpable (and even visible) in the flexor 
pollicis longus tendon in the region of the palmar digital crease 
(FIG 1B). The nodule can be felt to move proximally and dis- 
tally with even the few available degrees of movement of the 
interphalangeal joint. 

=" In longstanding cases of fixed flexion deformity, thumb 
metacarpophalangeal joint hyperextension laxity is common. 
In other cases, a coronal plane deformity resembling clin- 
odactyly may be present, although a causative relationship has 
yet to be established. 

=" Because of the possibility of bilateral involvement, both 
thumbs should be examined. 

= An upper limb neurologic examination should be performed, 
including an assessment of tone in the intrinsic muscles of the 
hand, since the thumb-in-palm deformity of cerebral palsy can 
be confused with trigger thumb. 
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FIG 1° A. A typical pediatric trigger thumb locked in flexion. Note the inability to passively extend the interphalangeal joint. 
B. A typical trigger thumb locked in flexion. Note the visibly protruding nodule in the flexor pollicis longus tendon at the level 
of the palmar digital crease. C,D. Congenital clasped thumb. C. The flexed resting posture of both the interphalangeal and 
metacarpophalangeal joints. D. The interphalangeal joint typically has full passive range of motion, while the metacarpopha- 
langeal joint is fixed in flexion, differentiating congenital clasped thumb from pediatric trigger thumb. 


= Pediatric trigger thumb should not be confused with congen- 
ital clasped thumb, in which the metacarpophalangeal joint is 
fixed in a flexed position, with normal interphalangeal joint 
motion (FIG 1C,D). 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographs are unnecessary in the clinically obvious case; 
if obtained, they only confirm the resting position of the 
thumb interphalangeal joint. 

= If the examination reveals signs of trauma (eg, swelling, ec- 
chymosis), radiographs should be considered to rule out un- 
derlying skeletal injury. 

= Advanced imaging is unnecessary. 


DIFFERENTIAL DIAGNOSIS 


Congenital clasped thumb 
Thumb-in-palm deformity (cerebral palsy) 
Arthrogryposis 

Thumb hypoplasia 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management of pediatric trigger thumb has 
been described, including simple observation,' daily stretching 
by parents,*° splinting,''*'° and casting.* 

= Watanabe and colleagues** reported the results in 58 patients 
of passive stretching performed by the patient’s mother 10 to 20 
times daily for an average of 44 months. Despite claiming a 96% 
“satisfactory result,” the authors describe only 25% of patients 
with locked flexion deformities experiencing improvement, and 
none recovering normal interphalangeal joint hyperextension. 
Thus, it is unclear whether their results differ from other reports 
of natural history, even after years of stretching exercises. 

" Lee and associates’! reported their results of splinting for 
passively correctable trigger thumbs (no locked flexion or ex- 
tension deformities), finding a greater chance of improvement 
(decreased frequency of triggering) with splinting than with 
simple observation. Others'® have reported improvement in 
triggering with nighttime splint treatment averaging 10 
months, but in a series that included trigger fingers, there was 
a 24% drop-out rate and there was no control group. 


=" The role of conservative treatment of pediatric trigger 
thumb remains controversial. It is unclear whether conserva- 
tive treatment affects the natural history and whether conser- 
vative treatment is useful for children who present with a fixed 
flexion posture at the interphalangeal joint (most cases). 

=" Nonetheless, it is clear from the available data that conserva- 
tive treatment offers a chance of improvement only after many 
months to years of daily exercises or splint use, and recovery of 
truly normal interphalangeal joint motion is uncommon. 

=" Percutaneous needle release of the Al pulley as an office 
procedure under local anesthesia has been described for pedi- 
atric trigger thumb, but with lower success rates than open 
surgical release; reported complications include incomplete re- 
lease and patient intolerance of the procedure.** 


SURGICAL MANAGEMENT 


= Surgical release of the Al pulley has long been recognized as 
a safe and effective treatment for pediatric trigger thumb. 

=" When forming surgical indications, the surgeon must consider 
the available data regarding the natural history and the outcomes 
of conservative treatment outlined above and must discuss the 
options with the family. Nearly all reports of surgical treatment 
of trigger thumb describe complete resolution of the condition in 
the immediate postoperative period with a low complication 
rate, making surgical treatment an attractive option. 

= The timing of surgery is controversial. Most authors recom- 
mend delaying surgery until 1 year of age; some recommend 
delaying surgery until after 3 or even 5 years of age; and oth- 
ers just recommend an undefined period of observation before 
surgery. No study has shown a clear detrimental effect of de- 
laying surgery until 3 years or later, although compensatory 
metacarpophalangeal joint hyperextension laxity, permanent 
capsular contracture of the interphalangeal joint, and coronal 
plane deformity of the thumb have been cited as reasons to op- 
erate before 3 years of age. 


Preoperative Planning 


= Little preoperative planning is required other than prepar- 
ing the child medically for the surgery and anesthesia and 
preparing the family for the surgery and early postoperative 
recovery period. 
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Positioning 

= The patient is positioned supine on the operating table 
with the affected arm (or arms) extended on a hand table or 
armboard. 

= A pneumatic tourniquet is placed about the upper arm. The 
entire limb distal to the tourniquet is prepared and draped. 

=" The limb is exsanguinated with an Esmarch bandage and 
the tourniquet is inflated to 200 mm Hg. 


EXPOSURE 


= A7-to 10-mm transverse incision is planned in the region 
of the palmar digital crease. The exact location of the in- 
cision depends on the location of the A1 pulley relative 
to the crease. In the thumb with a fixed flexion posture, 
the proximal edge of the A1 pulley is immediately distal 
to the location of the palpable nodule when the inter- 
phalangeal joint is maximally extended. 
= The incision need not be in the interphalangeal 
crease to heal with an almost imperceptible scar. 
= Care must be taken to plan the incision directly over 
the thumb flexor sheath, which is pronated relative 
to the plane of the palm (TECH FIG 1A). 
= The incision is made after exsanguination and tourniquet 
inflation. Great care must be taken to avoid incising the 
immediately adjacent digital nerves. 
= The subcutaneous tissue is then spread bluntly to reveal 
the A1 pulley. The digital nerves need not be routinely 


are very clearly visualized under loupe magnification 
(TECH FIG 1B). 


OPEN RELEASE OF THE A1 PULLEY 


= The distal and proximal edges of the A1 pulley are iden- 
tified and the A1 pulley is sharply incised longitudinally 
along its entire length (TECH FIG 2A). The oblique pul- 
ley is identified and protected distally. A gentle spread 
with a blunt scissor or hemostat in the proximal aspect of 
the sheath entering the thenar eminence will disrupt any 
remaining fibrous bands that can be a source of recur- 
rent triggering. 
= The initial incision in the Ai pulley will produce an el- 
liptical window in the pulley that may allow full ex- 
tension of the interphalangeal joint (TECH FIG 2B), 
but the digit will still trigger postoperatively unless 
the entire pulley is divided. 
=m After adequate release, the distal edge of the A1 pulley 
should be separated by several millimeters, with the en- 
tire width of the flexor pollicis longus tendon clearly vis- 
ible (TECH FIG 2C). 
= After adequate release, the thumb interphalangeal joint 
should have full range of motion (TECH FIG 2D). In long- 
standing cases, that range of motion may not be much 
beyond neutral. 
= If the thumb was locked in an extended position before 
tendon release, complete release can be confirmed by 





TECH FIG 1 © A. Incision location for open release of pediatric 
trigger thumb. B. Exposure of the A1 pulley. Note the trans- 
dissected, as long as the transverse fibers of the pulley versely oriented fibers without overlying subcutaneous tissue. 
The retractors on each side can be adjusted proximally and 
distally to allow visualization of the entire A1 pulley. 


fully extending the wrist and compressing the distal 
volar forearm to provide proximal traction on the flexor 
pollicis longus tendon. 


TECH FIG 2 e A. Longitudinal division of the A1 pulley with a 
6700 Beaver blade under direct visualization. (continued) 


Approach 


=" The approach to the Al pulley is best performed through a 
transverse incision in or immediately parallel to the palmar dig- 
ital crease. Longitudinal incisions can cause loss of metacar- 
pophalangeal joint mobility by scar contracture long term. 
=" As mentioned previously, great care must be taken in the 
volar approach to prevent injury to the digital nerves that lie 
in proximity to the A1 pulley. 


Le 


If the thumb does not have full flexion of the inter- 
phalangeal joint with these maneuvers, the release is 
incomplete. 
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TECH FIG 2 e (continued) B. Appearance of the A1 pulley after incomplete release. Note the 
elliptical cut edges of the pulley and the full extension of the interphalangeal joint. The in- 
tact proximal and distal ends of the pulley will be sources of recurrent triggering unless the 
entire pulley is released. C. Complete release of the Ail pulley. The flexor pollicis longus ten- 
don is visible across its entire width. The forceps are holding one cut edge of the pulley. 
D. Full passive extension of the interphalangeal joint immediately after A1 pulley release of 
the patient in Figure 1A. 


CLOSURE AND DRESSING 


= The wound is irrigated and closed with simple ab- ™ The wound is covered by a sterile dressing and several 
sorbable sutures. layers of bandage and tape to prevent the child from re- 
= The wound is infiltrated with long-acting local anesthetic moving the bandage (TECH FIG 3). 
without epinephrine for postoperative analgesia. 





TECH FIG 3 e Postoperative dressing for trigger thumb release. Loosely wrapped gauze (A) is covered by a loosely 
wrapped elastic bandage (B) and a doubled-back stockinette (C) with ample tape. The multiple layers prevent prema- 


ture removal by the patient. Great care must be taken to keep the dressing loose to prevent excessive swelling or even 
ischemia distally. 





PEARLS AND PITFALLS 


Indications = Given the recent literature regarding natural history and possible ssontaneous improvement, parents must 
be made aware of the option of observation before recommending surgery, even if surgery can safely and 
effectively restore normal motion much faster and more reliably with very low risk. 


Anesthesia = Because of the close proximity of the digital nerves to the flexor sheath, the patient must be able to re- 
main still during the entire procedure. Thus, while in experienced hands the entire procedure takes fewer 
than 5 minutes, general anesthesia or sedation is required, administered by an anesthesiologist. 


Incision placement = The thumb is pronated relative to the plane of the hand when the hand and thumb are held flat, making 
it easy to make the skin incision too radial with respect to the flexor sheath when the hand is held in this 
position for the surgery. Therefore, it is helpful to have an assistant hold the thumb in a vertical position to 
allow easier centering of the incision over the flexor sheath. 





Incomplete release ™ Cases of recurrence of triggering after surgical release have been attributed to incomplete release. After 
complete release at the distal end of the A1 pulley, the cut ends should be pointing palmarly and not to- 
ward each other. Proximally, fibrous bands in the thenar muscles can cause persistent triggering and can be 
divided by a gentle spread with a blunt scissor or hemostat in the flexor sheath after A1 pulley division. 


Digital nerves = The digital nerves need not be dissected and individually identified as long as the incision is well placed di- 
rectly over the A1 pulley and subcutaneous dissection clearly reveals the Ai pulley with no overlying tissue. 
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POSTOPERATIVE CARE 


=" Cast or splint immobilization is not necessary postopera- 
tively. However, protecting the incision for 7 days allows less 
inflamed wound healing and gives the absorbable sutures time 
to dissolve before the inquisitive toddler is allowed access to 
them. 

" A multilayer dressing of gauze, tape, elastic bandage, 

tape, stockinette, and tape is reliable and well tolerated. 
= Dressings are removed at 7 days. If a determined child man- 
ages to escape the dressing prematurely, an adhesive bandage 
is used in its place until postoperative day 7. 
=" No activity restrictions are imposed postoperatively, other 
than routine wound care. 
= Postoperative analgesic medication beyond a single appro- 
priate dose of acetaminophen is typically unnecessary. 
=" Outpatient postoperative follow-up is scheduled for 1 to 
2 weeks after the surgery. Full active range of motion and 
function of the thumb are typically achieved within 1 to 2 
weeks of dressing removal. If parents perceive hesitance to use 
the thumb beyond that time period, a brief course of pediatric 
occupational therapy may be helpful. 


OUTCOMES 


= Outcomes of open surgical release of triggers thumbs are 
excellent. Recovery of full range of motion is reported in all 
patients in many series.°*:1 246 

= Series that report less than 100% surgical cure describe re- 
currence due to incomplete pulley release as the most common 
reason for unsatisfactory outcome.”'? In these series, how- 
ever, success rates exceed 93%, with 100% success after reop- 
eration of the cases with incomplete release. 

=" Recovery of full range of motion after surgical correction is 
generally immediate. In longstanding cases, full hyperexten- 
sion of the interphalangeal joint may take months to achieve 
despite achieving neutral extension immediately postopera- 
tively. This phenomenon may represent a volar plate or capsu- 
lar contracture of the interphalangeal joint from a prolonged 
locked flexion posture. 

= A recent study of the long-term results of surgical treatment 
shows that despite obtaining normal motion postoperatively, 
23% of patients followed an average of 15 years postopera- 
tively have mild loss of interphalangeal joint motion.'” 


COMPLICATIONS 


= Although rare, recurrence of the flexion posturing or trig- 
gering is the most commonly reported complication; it is at- 
tributed to incomplete pulley release.”'*** Careful attention 
to surgical technique prevents this complication. If recurrence 
occurs, revision of the surgery with complete pulley release is 
curative. 

= Longitudinal incisions are associated with scar contracture 
and patient complaints long term.'” 

= Digital nerve injuries are exceedingly rare and unreported in 
all series reviewed here. 


= Superficial wound infection has been reported”' but is gen- 
erally easily treated with oral antibiotics. 
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Transfer of Flexor Carp! 
Ulnaris for Wrist Flexion 
Deformity 


Ann E. Van Heest 


DEFINITION 


=" Cerebral palsy is a primary central nervous system dysfunc- 
tion that leads to significant functional impairment owing to 
its secondary peripheral manifestations in the upper extremity. 
=" The upper motor neuron lesion in the brain leads to loss of 
normal inhibition of tone (ie, spasticity), loss of motor control 
in the limb (ie, weakness), or impaired coordination of muscle 
activity (ie, athetosis). 

= The most common manifestation is spasticity. 

= Spastic hemiplegia is the main type of cerebral palsy for 

which upper extremity surgery is indicated. 
= In spastic hemiplegia due to cerebral palsy, the most common 
peripheral manifestations in the upper limb are shoulder inter- 
nal rotation, elbow flexion, forearm pronation, wrist flexion 
and ulnar deviation, finger clenching or swan-necking, and 
thumb-in-palm deformity. 

" Increased muscle spasticity causes muscle imbalance 

across joints, which leads to impaired function and over time 

can lead to joint contractures with skeletal deformation. 

= The wrist is the most commonly affected joint and will be 

the focus of this chapter. 


ANATOMY 


= Five primary wrist motors control wrist joint position. 
= The three wrist extensor muscles are the extensor carpi 
radialis brevis (ECRB), the extensor carpi radialis longus 
(ECRL), and the extensor carpi ulnaris muscles (ECU). 
= The two wrist flexor muscles are the flexor carpi radialis 
(FCR) and the flexor carpi ulnaris (FCU). 
= The finger and thumb flexor muscles (flexor digitorum pro- 
fundus [FDP], flexor digitorum superficialis [FDS], and flexor 
pollicis longus [FPL]) cross the wrist joint and exert a wrist 
flexion force. The finger and thumb extensor muscles (extensor 
pollicis longus [EPL], extensor indicis proprius [EIP], extensor 
digitorum communis [EDC], and extensor digiti quinti [EDQ]) 
also cross the wrist joint and exert a wrist extension force. 
= Each of the muscles that crosses the wrist joint exerts a vec- 
tor force for wrist extension and flexion, as well as radial and 
ulnar deviation.’ These vector force graphs can be used to help 
determine which muscles are the major deforming force for 
wrist flexion posturing. 
= In cerebral palsy, the most common deformity is wrist flex- 
ion associated with ulnar deviation. 
" The muscle with the greatest flexion and ulnar deviation 
vector is the FCU. 
" The FCU is most commonly the deforming force, particu- 
larly because it may be coupled with a weak wrist 
extensor-radial deviator (ECRL and ECRB). 


PATHOGENESIS 


= In the early stages of spastic hemiplegia, the joints and mus- 
cles will be supple, with full passive range of motion. 
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=" With skeletal growth, the muscle imbalance across joints 
over time leads to muscle-tendon unit shortening and joint 
contractures, eventually leading to skeletal deformity. 

=" Increased FCU tone overpowers the decreased strength of 
the ECRL and ECRB, leading to a wrist flexion posture. 


NATURAL HISTORY 


= In spastic hemiplegia due to cerebral palsy, the FCU is the 
most common deforming force, pulling the wrist into flexion 
and ulnar deviation. 
" Over time, the overpull of the FCU leads to contracture 
of the muscle, which may lead to fixed contracture of the 
wrist joint. 
" Ultimately, a fixed skeletal deformity can occur by the 
time of skeletal maturity. 
" Initial management involves exercises to keep the FCU 
stretched and to prevent contracture of the muscle. 
= If muscle contractures develop, splinting may be necessary 
to prevent worsening of wrist joint contractures. 
=" Tendon transfer surgery is best performed before fixed 
contractures develop. 
= If fixed joint contractures and muscle contractures exist, a 
salvage procedure with muscle lengthenings, wrist fusion, or 
both may be necessary. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patient evaluation begins with interviewing the parents 
regarding use of the affected limb. 
=" Most commonly, children with spastic hemiplegia will show 
premature hand dominance, favoring the unaffected side even 
as young as 6 months of age. 
" This may be the presenting complaint leading to the diag- 
nosis of cerebral palsy. 
=" Delay of normal pinch-and-grasp function patterning at 
1 year of age is evident. 
=" Generalized patterns of upper extremity use for activities of 
daily living, commensurate with the child’s age, are discussed 
with the parents and child. The clinician also observes for 
bimanual skills such as doing zippers and buttons, cutting 
food, and tying shoes. 
=" The child’s functional use of the hand can be quantified 
using House’s classification of upper extremity functional use: 
" In this nine-level classification, functional use is assessed 
as follows: does not use, passive assist (poor, fair, good), 
active assist (poor, fair, good), and spontaneous use (partial, 
complete). 
= This provides a baseline that the physician can use to 
help communicate the functional goals of treatment with the 
parents. 
= Agreement with the parents on the child’s present overall 
level of limb function serves as a baseline for comparing the 
outcome of treatment. 
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= Examinations and tests to perform include: 
" Passive range of motion of each joint. If a joint is passively 
stiff, a joint contracture exists. Tendon transfer surgery is 
best performed in patients with full passive mobility of all 
joints. 
" Volkmann angle test. This test indicates muscle contrac- 
ture, as the finger flexors are biarticular, crossing both the 
wrist joint and the finger joints. 
= Active range of motion of the wrist. This indicates 
whether this patient has control to be able to actively 
extend the wrist. If this is absent, a tendon transfer 
surgery may be indicated to provide better active wrist 
extension. 
= Active range of motion of the fingers with the wrist held 
in a neutral position. This test indicates whether a wrist 
extensor tendon transfer surgery would be helpful. If the 
patient has better digital control with the wrist in an 
extended position, then a wrist extensor tendon transfer 
surgery would be helpful. If the patient has no digital exten- 
sion, then an FCU tendon transfer should be considered to 
the EDC. If the patient develops a clenched fist with wrist 
neutral position, then a wrist extensor tendon transfer 
would be contraindicated. 
" If a patient has full passive mobility of the joints and no 
muscle contractures of the finger flexors but positions the 
wrist in significant flexion, leading to impairment with 
grasp and release or fine motor tasks, then a wrist extensor 
tendon transfer surgery to improve wrist position would be 
indicated. 
" Stereognosis testing. Impaired stereognosis does not 
preclude surgical intervention, but it is important to identify 
it preoperatively as a part of the disability present. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Motion laboratory analysis has been used to assist in deter- 

mining the position of the joints of the upper extremity during 

tasks. 

= A fine-needle electrode can be used to determine whether 

phasic control of the muscle occurs during grasp and release. 
= A muscle that is well controlled with phasic activity, with- 
out significant or continuous spasticity, is the best candidate 
for muscle-tendon transfer surgery.” 


DIFFERENTIAL DIAGNOSIS 


=" Wrist flexion posturing due to ineffective wrist exten- 
sors, flexor contracture or spasticity, or wrist or carpal 
abnormalities. 


NONOPERATIVE MANAGEMENT 


=" Occupational therapy includes the use of splints, stretching 
and strengthening programs, and active functional use activities. 
=" Two types of splints can be used: nighttime serial static 
splinting for treatment of muscle or joint contractures, and 
daytime splints for pre-positioning the hand to improve active 
function. 
" The indication for nighttime splinting is contractures. 
If no contractures of the muscles or joints exist, night- 
time splinting is not necessary and is a waste of time and 
money for the child and family! 


If contractures exist at the wrist or fingers and thumb, a 

nighttime forearm-based wrist—hand orthosis is indicated. 
= Daytime splints are usually used to pre-position the wrist 
in a neutral to slight “cock-up” position to help improve 
grasp and to pre-position the thumb out of the palm to help 
improve pinch. 

If the splint is bulky or cumbersome, it will interfere 
with rather than enhance function, defeating its purpose. 

Care should be given to ensure proper fit of the splint 
so that its purpose can be achieved. 

Stretching and strengthening programs, along with ac- 
tive functional use activities, are carried out by the thera- 
pist as well as taught to the parents and child as a home 
program. 

=" For patients with more focal muscle tone imbalance, botu- 
linum toxin type A injections have been shown to be effective 
in reducing spasticity in the muscles injected and in improving 
hand function.'**>” 
" Botulinum toxin locally blocks the release of acetylcholine 
at the neuromuscular junction, with a reversible action last- 
ing on average 3 to 4 months. During this period, antago- 
nist muscles can be strengthened and spastic muscles can be 
stretched, with the benefits lasting beyond the direct effects 
of the medication. 
" For the mildly involved child, treatment with Botox injec- 
tions may obviate the need for surgical intervention. 


SURGICAL MANAGEMENT 


=" The most common deformity of the wrist is flexion, often 
with ulnar deviation as well. This is the most functionally dis- 
abling deformity in hemiplegia as it significantly interferes with 
grasp and release function. 
" Several surgical options exist, with the choice depending 
on the degree of deformity and the extent of volitional con- 
trol of each muscle involved. 
=" The three main options for treatment of a wrist flexion 
deformity are: 
" Release or lengthening of the deforming spastic muscles 
(FCU, FCR) 
" Transfer of tendons to augment the weak wrist extension 
" Wrist fusion to stabilize the joint for the severe, fixed, 
nonfunctioning wrist 
= If the wrist flexor deformity is significant and the patient 
does not have active control of wrist extension, then tendon 
transfer surgery to augment wrist extension may be 
necessary. 
" Using the FCU as a transfer to wrist extension has the 
advantage of removing its force as a spastic wrist flexor 
and ulnar deviator, and transferring its forces into wrist 
extension. 
= Care must be taken to prevent overcorrection if the defor- 
mity is not severe, or if the transfer is tensioned too tightly, 
particularly in the younger child. 


Preoperative Planning 


=" In all cases of transfer into the wrist extensors, the finger 
function must be assessed preoperatively with the wrist in 
neutral, the desired postoperative position. 

= If the finger flexors are too tight when the wrist is brought 
into neutral, a finger flexor lengthening will be necessary as 
part of the procedure. 
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= If the patient does not have finger extensor control to allow 
for release of grasped objects, then a transfer into the finger 
extensors (EDC) may be indicated. 


Positioning 

= The patient is positioned supine on the operating room 
table, with an armboard to support the upper limb during the 
procedure (FIG 1). 

= A tourniquet is applied above the elbow. 

Approach 


=" A volar—ulnar approach to the forearm is used to harvest the 
FCU tendon, and a dorsal approach to the distal forearm and 
wrist is used for inserting the tendon transfer. 


on the volar and ulnar aspect of the forearm from the 
proximal third of the forearm to its distal insertion on 
the pisiform (TECH FIG 1A). 

Dissection is carried out through the subcutaneous layer 
and the forearm fascia, onto the muscle belly proximally 
and onto the tendon insertion distally. 

= The ulnar nerve and artery lie radial to the tendon 





FIG 1 ® The patient is positioned supine on the operating room 
table with the arm extended on an armboard. A tourniquet is 
applied proximally on the arm. 


MOBILIZATION OF THE FLEXOR CARPI ULNARIS 


= The incision for exposure of the FCU is a longitudinal one 


= The tendon is transected at its distal insertion on the pisi- 
form, and a grasping suture is placed (TECH FIG 1B). 

= The FCU is then freed of its fascial insertion back 
to the most proximal aspect of the wound to allow 
full mobilization of the muscle to its dorsal position 
(TECH FIG 1C). 

= ~~ Full mobilization of the muscle to the proximal third of 
the forearm has been shown to increase its vector as a 


and are carefully identified and protected, including 
the dorsal ulnar sensory branch in the distal aspect of 
the wound. 


forearm supinator, in addition to its wrist extension 
moment arm.’ 


an 
a 


am 

rey 

Tah 

aly 

ly “8 
+ 


4 
= 


; 7 ==*) 
met 


nat, 


= 





TECH FIG 1 © A. A longitudinal incision is made down the ulnar aspect of the forearm from the proximal third of the forearm 
to the pisiform, with a small distal curve to allow visualization of the ulnar nerve and artery, which are just radial to the flexor 
carpi ulnaris at the level of the pisiform. B. The flexor carpi ulnaris tendon is transected distally at its insertion on the pisiform, 
with a grasping suture placed through the distal end of the tendon. C. The tendon is fully mobilized back to the proximal third 
of the muscle belly to allow the muscle to be transferred to the dorsal wrist with a straight line of pull. 


TRANSFER OF THE FLEXOR CARPI ULNARIS TO THE EXTENSOR CARPI 
RADIALIS BREVIS TENDON 


= A second incision is made over the dorsal radial aspect of © 
the wrist diagonally over the second dorsal compartment 
(ECRB, ECRL) of the wrist (TECH FIG 2). 


Just distal to where the first dorsal compartment 
tendons (abductor pollicis longus and extensor pollicis 
brevis) cross the second dorsal compartment, a generous 
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fascial window over the second dorsal compartment is 
made to fully expose the ECRB and ECRL tendons. 

= A subcutaneous tunnel is then made in direct line from 
the proximal end of the ulnar incision to the radial 
incision to allow a straight line of pull for the tendon 
transfer. 


= The FCU tendon is then woven into the ECRB tendon 
using the Pulvertaft weave technique and tensioned so 
that the wrist sits at rest against gravity in a neutral 
position. 

=™ Standard wound closure is performed after the tourni- 
quet is deflated. 


TECH FIG 2 « A second incision made dorsally allows dissec- 
tion of the extensor carpi radialis brevis as a recipient tendon. 
The flexor carpi ulnaris tendon is passed through a sub- 
cutaneous tunnel and woven into the extensor carpi radialis 
brevis tendon. 











PEARLS AND PITFALLS 





Tensioning of the tendon transfer 


# If the tendon transfer is tensioned too tightly, the wrist will sit in extension at rest and 


too much wrist extension will occur with active range of motion. A careful assessment 
of tendon transfer tensioning is necessary to avoid this pitfall. 

= However, if the tendon transfer is tensioned too loosely, the wrist will not achieve as 
much wrist extension as desired. If one is to err, one would prefer too little tension than 
too much, as the transfer tends to tighten over time, particularly if performed in a young 
child with significant remaining growth potential. 


POSTOPERATIVE CARE 


=" The postoperative rehabilitation regimen is imperative to 
maximize surgical results. 

=" The limb is immobilized in a cast for 1 month after tendon 
transfer surgery. 

= After 1 month, the cast is removed and a custom splint is 
used holding the wrist in a neutral position (as well as protect- 
ing any other procedures that were done concomitantly). 

= The splint is worn full time for an additional month but is 
removed three to five times a day for active range of motion 
and light functional activities. 

=" After 1 month of full-time splinting, the patient then pro- 
gresses to nighttime splinting only with active functional use of 
the hand during the day, including lifting and strengthening 
exercises. 

= Individualized sessions with a therapist experienced in ten- 
don transfer rehabilitation are very helpful to maximize use of 
the limb and incorporate the wrist into activities of daily 
living, but success may be limited by the overall extent of the 
patient’s cerebral palsy involvement. 


OUTCOMES 


= The greatest functional benefit in upper extremity surgery 
has been reported with correction of the wrist flexion defor- 
mity, regardless of the transfer used. 

" Beach et al,” as an example of the correction achieved, re- 
ported a postoperative arc of motion of almost 50 degrees, 


centered around the neutral axis, at greater than 5 years of fol- 
low-up. 
= Significant aesthetic improvement was noted as well in 
90% of patients. 
" A functional outcome study of 134 cerebral palsy patients 
treated surgically showed that the average functional im- 
provement was from use of the hand as a poor passive assist 
to use of the hand as a poor active assist.° This article advo- 
cates performing multiple procedures simultaneously for 
correction of the elbow, forearm, wrist, and thumb in a sin- 
gle surgical setting. 


COMPLICATIONS 


= All surgical procedures carry risk, and this must be weighed 
against the potential benefits that most commonly are 
achieved. 
= Preoperatively, patients must be screened for anesthetic 
complications as follows: 
= A bleeding screen for patients on long-term Depakote an- 
tiseizure medications 
" Screening for bladder and lung infections, particularly for 
patients with poor urinary or pulmonary control 
" Nutritional status (height and weight percentiles for age) 
= Intraoperative attention to wound care is imperative to 
avoid wound healing problems. 
=" Wounds may need a postoperative drain to prevent 
hematoma formation. 
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=" Nerve and artery injury can be avoided with appropriate 
planes of dissection and a thorough knowledge of the perti- 
nent anatomy. 
= Postoperatively, the splint or cast should be adequate to 
allow for postoperative swelling and should be split if exces- 
sive swelling is encountered. 
=" Many children with spasticity do not have normal preop- 
erative sensory or motor findings and may not have normal 
mentation, so normal parameters cannot be used to monitor 
for compartment syndrome. 
" Premature removal of the cast or splint, as well as 
overzealous patient activities, can lead to tendon rupture or 
attenuation. 
= Excessive immobilization can lead to excessive adhesion 
formation, diminishing the eventual functional use. 
=" Long-term problems most commonly involve loss of the 
muscle balance achieved at the time of the surgery. 
=" Many children have tendon transfers as young as 7 years 
old; with continued skeletal growth, they may have recurrent 
deformity. 
" Overcorrection can also occur, with the “opposite” defor- 
mity occurring. “Fine-tuning” surgery may be necessary to 
address complications that develop after correction of the 
original deformity. 
= Several principles will help prevent these complications. 
=" Do not overcorrect deformity, particularly in the younger 
child. 


" Leave options to reverse the surgical correction if necessary. 


" Keep functional grasp and release as the highest priority 
in surgical planning. 

= Avoid wrist arthrodesis, as this precludes the tenodesis 
effect of the wrist for finger use. 
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DEFINITION 


= Radial dysplasia represents a spectrum of longitudinal defi- 
ciency in radial growth. 

= This deficiency can be mild or severe based on the deficiency 
in the radius. 


ANATOMY 


= Bayne and Klug’ have provided a classification based on ra- 
diographic findings (Table 1). 


PATHOGENESIS 


=" Radial dysplasia develops during the period of embryo- 
genesis. During this period, other organ systems are develop- 
ing and may also be affected, as discussed later in this 
chapter. 


Radial Dysplasia 
Reconstruction 
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NATURAL HISTORY 


= The natural history of patients with radial dysplasia clearly 
depends on the type of dysplasia present and the associated 
conditions. 
" Patients with isolated type I or II radial dysplasia usually 
do not require surgical intervention. 
" Patients with more severe dysplasia can frequently benefit 
from surgical intervention. 
= Many times radial dysplasia is part of a syndrome, and the 
associated sequelae clearly affect these patients more than the 
underlying radial dysplasia. The most common associations 
are with Holt-Oram syndrome, thrombocytopenia—absent 
radius (TAR) syndrome, Fanconi anemia, and VACTERL 
(vertebral anomalies, anal atresia, cardiovascular anomalies, 
tracheoesophageal fistula, esophageal atresia, renal or radial 


| Table1 | Bayne and Klug Classification of Radial Dysplasia 


Type Radiograph 
| 





Description 
Short distal radius; distal epiphysis present, delayed; mild radial 
deviation 


Defective growth proximal—distal epiphyses; radius in miniature 


Partial absence of radius; wrist unsupported 


Total absence of radius 


(Adapted from Bayne CG, Klug MS. Long-term review of the surgical treatment of radial deficiency. J Hand Surg Am 1987;12A:169-1 79.) 
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anomalies, limb anomalies) (in front of or above the central 
axis of the limb). 

= An association with several craniofacial syndromes is also 
common. 

=" No matter what procedure is used for treating the radial 
dysplasia, the patients all have a high incidence of recurrent 
deformity as they get older. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Clearly the most significant finding is radial deviation at the 
wrist (FIG 1). 

= If the patient is older, the affected forearm will also be short. 
=" Frequently there is also associated thumb hypoplasia. 

= Because of its frequent association with systemic conditions, 
all patients require careful examination of their cardiac, renal, 
hematologic, and spinal systems. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographs should be taken of both forearms to assess 
stage of radial dysplasia (see Table 1). 
=" In addition, all patients warrant a workup for syndromes 
and associated conditions, such as Holt-Oram syndrome, 
Fanconi anemia, TAR syndrome, and VACTERL. 
" This requires cardiac, renal, hematologic, and spinal 
evaluation. 


NONOPERATIVE MANAGEMENT 


= All patients warrant preoperative stretching and splinting 
before any surgical intervention. 
" This may require external fixation techniques to distract 
the soft tissues in severe cases. 


SURGICAL MANAGEMENT 


= Patients with type I or II radial dysplasia usually do not re- 
quire surgical intervention. 
= Surgical treatment has generally ranged from soft tissue re- 
balancing alone to full centralization of the wrist with or with- 
out external fixation. 
" Before any procedure is contemplated, the surgeon must 
remember that the patient must maintain the ability to get 
his or her fingers to the mouth with the wrist in the surgi- 
cally altered position. 


= We have had experience with various procedures for the 
treatment of radial dysplasia, including centralization, free 
toe transfer for stabilization of the radial wrist, and soft tis- 
sue release alone. We do not use formal centralization proce- 
dures anymore, as we have found the recurrence rate to be 
similar to our soft tissue release procedure. In addition, we 
think that this procedure jeopardizes the ulnar epiphysis, 
which can lead to an extraordinarily short forearm. Also, 
loss of mobility can result from a successful centralization 
procedure. 
=" Vascularized bone transfer can be used in selective cases to 
provide stabilization of the radial side of the wrist. In the past 
we have used a vascularized second-toe metatarsophalangeal 
joint as described by Vilkki.* In the future we anticipate using 
the proximal fibula, as its growth potential may be more sim- 
ilar to the ulna than the metatarsophalangeal joint. 

= The long-term problem for any surgical procedure is the 

recurrence rate. 
=" For our patients, soft tissue release with a bilobed flap 
reconstruction has provided the most reliable, effective results. 


Preoperative Planning 


=" Before surgery, the patient must have undergone adequate 
soft tissue stretching. 
" In the first few months this is accomplished by splinting. 
In severe cases, serial casting may be necessary. 
" The splints should be large enough so the child cannot 
swallow it. 
= After about 6 months of age, active stretching is started 
by the parents with use of nighttime splinting. 
=" The bilobed flap design must be drawn appropriately to take 
advantage of the redundant tissue on the ulnar side of the wrist. 


Positioning 

= The patient is placed in the standard supine position, and a 
general anesthetic is used in all cases. 

=" We do not use a standard tourniquet as we have found this 


to be inadequate in young children. Instead, we use the elastic 
bandage as a tourniquet in the upper arm. 


Approach 


=" We use a dorsal surgical approach, although more recently 
a volar approach has been described that may provide better 
exposure for soft tissue release. 





FIG 1 © Preoperative photo showing radial deviation of the wrist. 
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RELEASE OF RADIAL DEVIATION OF THE WRIST 


a = After induction of general anesthesia, the upper extrem- epiphysis, to prevent injury to the vascular supply to this 
ity is prepared and draped in the usual fashion. area. 

=" The bilobed flap is then carefully designed using a mark- After release is accomplished, the wrist is placed in a neu- 
ing pen (TECH FIG 1A,B). tral position and pinned with a 0.062-inch Kirschner 

= The Esmarch bandage is used to exsanguinate the limb; wire. The Kirschner wire is temporary and is put across 
it is then wrapped three times around the upper arm for the joint from either direction (ie, there is no specific lo- 
use as a tourniquet. cation for the exit or entrance site). 

= After careful incision and elevation of the skin flaps (TECH The flaps are then rotated and sutured in place (TECH 
FIG 1C), the finger and extensor tendons as well as the FIG 1D,E). 
median nerve are carefully identified and preserved. The tourniquet is removed to ensure perfusion to the fin- 

= All other tissues in the radial wrist are released. Care gers, and a long-arm cast Is placed. 


must be taken not to dissect excessively near the ulnar 





TECH FIG 1 e A,B. Markings for bilobed flap. 
C. Initial incision and elevation of flaps. 
D,E. After release of radial tethering tissue and 
rotation of flaps, the skin is sutured. 





PEARLS AND PITFALLS 


Adequate preoperative stretching of soft tissues If not adequate, this may lead to a suboptimal result. 


Identification of median nerves and tendons, 
as these structures tend to be in very aberrant 
locations 


There is the potential for injury to nerve or tendon during soft tissue 
release if this is not done. 


Careful dissection around the distal ulna If too aggressive, it can lead to injury to the epiphyseal region, leading to 


growth problems in the ulna. 


Pinning of ulnocarpal joint after release Failure to do this can lead to partial flap loss because of motion at the 


joint. 
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FIG 2 © Postoperative result. 


POSTOPERATIVE CARE 


=" The long-arm cast is left on for 3 to 4 weeks. 
= At that point the pin is removed and the patient is changed 
to a removable splint. 


OUTCOMES 


=" The bilobed flap procedure is an effective procedure for 
treating radial dysplasia (FIG 2). 

=" Deformity tends to recur, though the incidence of this ap- 
pears to be similar to that for other procedures used to treat 
radial dysplasia. 


COMPLICATIONS 


=" Very few complications are associated with this procedure. 
= Partial flap loss can occur, but the risk seems to be mini- 
mized by appropriate flap design and immobilization after the 
procedure. 
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Forearm Osteotomy for 
Multiple Hereditary Exostoses 


Carla Baldrighi and Scott N. Oishi 


DEFINITION 


=" Multiple hereditary exostoses (MHE), first described by 
Boyer in 1814,* is a familial disorder with an autosomal domi- 
nant mode of inheritance.* It is also known as multiple osteo- 
chondromatosis, multiple osteochondromata, multiple cartilage 
exostoses, diaphyseal aclasis, or metaphyseal aclasis.°>*® 

=" MHE is a developmental disorder affecting numerous sites in 
the immature skeleton, except the skull. It is characterized by ab- 
normal proliferation of epiphyseal chondroblasts that causes a 
subsequent defect in remodeling of the metaphysis. In the imma- 
ture individual this leads to the two main characteristics of this 
condition: skeletal metaphyseal bony prominences capped with 
cartilage (exostoses) and retardation of longitudinal bone growth. 


ANATOMY 


=" Knowledge of the normal anatomy and biomechanics of the 
forearm in the immature individual is instrumental in under- 
standing the pathogenesis of the deformity, and ultimately in 
planning appropriate treatment. 

=" The ulna acts like a swivel hinge around which the radius 
rotates. 

=" During forearm pronation-supination the relationship be- 
tween the two forearm bones changes. This rotational move- 
ment requires perfect alignment of both radius and ulna as well 
as integrity of the ligamentous structures around the proximal 
and distal radioulnar joint and the interosseous membrane. 
Minimal axial or rotational bone deformity, asymmetric bone 
shortening, or ligament instability can hinder this function. 


PATHOGENESIS 


=" Osteochondromas are the most common benign bone 
tumor. Histologically, they resemble the epiphyseal growth 
plate and consist of a bony stalk covered by a cartilaginous 
cap. They arise from the peripheral aspect of the growth plate 
of bones that undergo endochondral ossification.” 

= About 15% of osteochondromas occur as MHE.”* In MHE, 
the exostoses vary greatly in number, location, size, and config- 
uration. They tend to have a more irregular and bizarre shape 
than solitary osteochondromas. They also typically involve a 
significantly greater portion of the metaphysis or diaphysis. 
Progressively larger and more mature-appearing lesions with 
ossification are seen on the surface of the bone as the distance 
from the physis increases, so they appear to be migrating into 
the diaphysis of long bones.” 


NATURAL HISTORY 


=" The prevalence of MHE in the general population is 
estimated to be at least one in 50,000, with a median age of 
first diagnosis of 2 to 3 years of life (exostoses rarely develop 
before 2 years of age).‘” 

= In individuals with MHE an average of five or six exostoses, 
involving both upper and lower extremities, are found at the 
time of the first consultation.” 


=" Over time the upper and lower extremities may appear dis- 
proportionately shorter compared to the trunk. 
= The phenotypic penetrance of this condition is age-related. 
By 2 to 3 years of age, 50% of the affected individuals show 
signs of the disease; the presence of exostoses is almost always 
evident by the age of 12. Once skeletal maturity is achieved 
most of the lesions will become quiescent and often will 
ossify.'’ The overall penetrance of the disease in adult obligate 
heterozygotes ranges between 93% and 100%.”**® 
=" Approximately 10% of individuals with documented manifes- 
tations of multiple exostoses have no family history of MHE.‘” 
=" It is reported that 30% to 60% of the individuals with 
MHE show a deformity of the forearm.'’ The natural history 
of forearm deformities is progressive and results in a variable 
and worsening amount of weakness, pain,* functional 
problems (such as dislocation of the radial head, limited 
pronation-supination, ulnar deviation at the wrist, and com- 
pression on adjacent structures), and cosmetic deformity. 
" The deformities are almost always accompanied by dis- 
crepancy in length between the two bones. The asynchro- 
nous rate of longitudinal growth in an anatomic region 
where two bones are paired in close longitudinal relationship 
leads to a greater risk of anatomic distortion. Most of the 
longitudinal growth of the ulna occurs at the distal physis,*° 
which is also the more commonly affected physis (30% to 
85% of the cases).171% 
= A serious complication of MHE is the potential for malig- 
nant transformation of an exostosis into chondrosarcoma. 
This can occur at any age but it is exceedingly rare during 
childhood.*” 
" The risk of malignant degeneration in adults with MHE is 
0.57% to 5% 991778 
= The clinical course of the chondrosarcoma is slow and the 
prognosis is in general favorable if the tumor is detected early. 
Metastases occur late, usually to the lung, via hematologic 
dissemination. 
= Patients affected by MHE have a normal life expectancy 
unless malignant degeneration and metastasis develop.?? 


HISTORY AND PHYSICAL FINDINGS 


=" In the context of progressively enlarging, juxta-articular 
protuberances, the characteristic forearm deformities may 
develop. 

= An accurate physical examination of the upper extremity, in- 
cluding evaluation of the comparative length of the forearms as 
well as range of motion of the elbow, wrist, and forearm 
(flexion and extension, radial and ulnar deviation of the wrist, 
varus and valgus angle of the elbow, and pronation-supination 
of the forearm), is instrumental to assess the progression of the 
condition. 

=" The classic clinical description is a bowed, short, and 
knobby-appearing forearm with the wrist in an ulnarly devi- 
ated position, which limits radial deviation. 
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= During growth the affected ulna typically remains relatively 
shortened and curved, and this often leads to significant bow- 
ing of the radius. When the ulna is shorter the ulnar collateral 
ligament acts as a tether, causing bowing of the radius. In 
addition, the local presence of the exostosis itself causes radial 
bowing by disturbing hemiepiphyseal growth.'* 

=" Cubitus varus deformity, radial head dislocation, or both 
may also occur. Radial head dislocation is reported to occur in 
22% of the affected forearms.'* Symptoms of this can be varus 
deformity of the elbow, limitation of elbow motion, and pain. 
= A mild flexion deformity of the elbow is often present. 

= At the wrist level an increased ulnar tilt of the radial epiph- 
ysis, ulnar deviation of the hand, and progressive ulnar 
translocation of the carpus are often present. These deformi- 
ties lead to a loss of radial deviation of the hand and loss of 
pronation-supination of the forearm (FIG 1), 

=" The loss of forearm pronation-supination may develop 
early and become progressively more severe as the child ages.! 
= Despite their impressive appearance these exostoses are sur- 
prisingly well tolerated and frequently result in minimal loss of 
function.”* 

=" A recent study evaluating the forearm in untreated adults 
with MHE demonstrated that the function subjectively reported 
by the patients is greater than the one objectively measured.'* 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= The diagnosis of MHE can be easily made by clinical inspec- 
tion in a child with a positive family history. 

=" Plain radiographic evaluation is usually sufficient to confirm 
the diagnosis and to determine the number, location, and mor- 
phology of the exostoses (FIG 2). 

= The earliest radiologic sign is an asymmetric or beaked over- 
growth of the cortex next to the growth plate.° 





FIG 1° A. Significant ulnar deviation of the wrist, which can also be 
present in these patients. B,C. The patient has limited pronation and 
supination. D. Obvious radial head dislocation, reported. E. Patient 
with severe involvement of the left forearm. 


= Like solitary osteochondromas, the exostoses may be de- 
scribed as sessile, pedunculated, or cauliflower-like; they nearly 
always point away from the physis. In MHE, the lesions tend 
to be bigger and have a more bizarre shape. Characteristically 
in the distal ulna they are often narrow, with a pointed end 
(FIG 2). 





FIG 2 © Radiograph showing large osteochondroma of distal 
ulna affecting the epiphysis and causing significant tethering of 
the radius. Characteristically the distal ulna is narrow with a 
pointed end. 
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FIG 3 e The radial articular angle (RAA) and carpal slip (CS). 

A. The RAA is defined as the angle between a line running 
along the articular surface of the radius and another line that is 
perpendicular to a line joining the center of the radial head to 
the radial border of the distal radial epiphysis (the radial styloid 
in skeletally mature individuals). The normal range of the angle 
is 15 to 30 degrees. B. CS is measured by determining the per- 
centage of the lunate that is in contact with the radius. First, a 
line is drawn from the center of the olecranon through the 
ulnar border of the radial epiphysis (the radial articular surface 
in skeletally mature individuals).' This line normally bisects the 
lunate. An abnormal CS is defined as being present when ulnar 
displacement of the lunate exceeds 50%. (Adapted from Akita 
S, Mursae T, Yonenobu K, et al. Long-term results of surgery for 
forearm deformities in patients with multiple cartilaginous 
exostoses. J Bone Joint Surg Am 2007;89A:1993-1999.) 


=" In older children and teenagers, irregular areas of calcifica- 
tion of the cartilaginous cap may be present, particularly in the 
more voluminous lesions. Extensive calcification with changes 
in the shape and thickness of the cartilaginous cap should raise 
suspicion of a possible chondrosarcomatous transformation. 
= At least two full views of the forearm (true anteroposterior 
and lateral containing both the elbow and the wrist) are nec- 
essary to properly assess the ulna variance, the radial articular 
angle (RAA), the carpal slip, and the relative radial bow. These 
radiographic measurements are useful in the surgical planning 
phase (FIG 3).' 

= Alterations of the radial head on radiographs must always 
be assessed. They range from hypertrophy and flattening to a 
complete radial head dislocation. 

=" The Taniguchii classification correlates the regional involve- 
ment of the forearm with the generalized severity of the disease.”” 
=" Masada morphologically classified the involvement of the 
forearm in MHE into three types (FIG 4).'* This classification 
was also used for treatment planning. 

=" Computed tomography (CT), magnetic resonance imaging 
(MRI), and magnetic resonance angiography are performed at 
times for specific and symptomatic lesions. These can be espe- 
cially helpful to detail the anatomic position relative to soft tis- 
sue structures, or when malignant transformation is suspected.”* 


DIFFERENTIAL DIAGNOSIS 


= Langer—Giedion syndrome 
=" Madelung deformity 
=" Chondrosarcoma 








Type | Type III 


Type Ila Type Ilb 


FIG 4 e Masada classification of the involvement of the forearm 
in multiple hereditary exostoses. (Adapted from Masada K, 
Tsuyuguchi Y, Kawai H, et al. Operations for forearm deformity 
caused by multiple osteochondromas. J Bone Joint Surg Br 
1989;71B:24-29.) 


NONOPERATIVE MANAGEMENT 


= The only treatment for MHE is surgery, but the mere pres- 
ence of an exostosis is not, by itself, an indication for surgical 
removal. 

= The conspicuous number of lesions and the fact that they are 
mostly asymptomatic warrant a cautious surgical approach. 


SURGICAL MANAGEMENT 


= Surgical treatment of forearm deformities in MHE remains 
controversial. A number of operative techniques have been 
proposed. 5:16:1219 
=" The main surgical indications are: 

" To improve forearm function (pronation-supination)' 

" To relieve pain from external trauma or irritation of the 

surrounding soft tissue* 

" To improve appearance 

" To rule out malignancy when there is a rapid increase in 

size of a lesion'’» 
=" When evaluating the surgical indications in an individual 
patient, it is important to distinguish between the functional 
deficit and the cosmetic appearance. 

= The postoperative appearance of the forearm has been 

shown to be unrelated to the functional outcome.'* 
=" Despite maintaining good function even without treat- 
ment,'*'* a percentage of patients find the arm cosmetically 
unpleasant because of the shortening, angulations, and defor- 
mities.'* If surgery is being undertaken for cosmetic rather 
than functional purposes, the hopes, concerns, and expecta- 
tions of patient and parents must be thoroughly discussed and 
accurately outlined. 
= If function is the main concern, the goal of surgery is to 
maintain or improve function until reaching skeletal maturity 
and not to prevent the deformities. 
= Some authors*’'*!? advocate an aggressive approach based 
on the rationale that forearm deformities are equal to functional 
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impairment. Their surgical treatment employs procedures such 
as excision of the exostoses and ulnar lengthening, associated at 
times with radial hemiepiphyseal stapling or osteotomy. They 
feel this is the only way to prevent the development or progres- 
sion of deformity in the upper extremity. 
= According to these authors, the surgical indications in- 
clude relative ulna shortening (with or without bowing) of 
more than 1.5 cm, RAA of greater than 30 degrees, carpal 
slip of more than 60 degrees, and bowing of the radius or 
the ulna (or both).° 
" However, we and others believe that the mere presence of 
forearm deformities alone is relatively unrelated to func- 
tional impairment,’'**' and therefore we do not recom- 
mend surgical correction of the deformities only to prevent a 
possible, but not predictable, future functional impairment. 
=" Symptomatic dislocation of the head of the radius is defined 
as interfering with joint motion or causing significant pain. 


Procedures 


= Exostosis excision alone is indicated when a lesion becomes 
symptomatic or when it alone causes limitation of forearm 


located on the distal ulna or radius. 


pronation-supination. This procedure alone does not correct 
the forearm deformities that may be present. 

= If significant forearm deformity is present, exostosis exci- 
sion is combined with ulnar tether release with or without ra- 
dial osteotomy. 

= Radial osteotomy is performed in the skeletally mature or 
nearly skeletally mature patient, as significant remodeling of 
the radius is unlikely. 

= If the patient has significant growth potential remaining, 
ulna-tether release alone can lead to impressive correction. 

=" Ulna lengthening with or without radius epiphyseal stapling 
remains a common procedure reported in the literature, but 
we do not use this regularly. We think it can lead to a shorter 
forearm, as well as bearing the incumbent risks associated 
with lengthening procedures. 

= The treatment for symptomatic radial head dislocation is 
usually surgical excision once the patient is skeletally mature. 
Excision before this time may lead to instability, growth dis- 
turbances, and possible worsening of the wrist or elbow defor- 
mity. In rare instances, however, exostosis excision with ulnar 
osteotomy may be effective in relocating the radial head. 


EXOSTOSIS EXCISION AND ULNAR TETHERING RELEASE 


= ~The location of the incision in the distal forearm varies 
depending on where the osteochondroma is located. 
Planning of this is important, as the ability to access the 
distal ulna is imperative whether the osteochondroma is 


= Once the initial incision is made, the osteochondroma is 
carefully exposed and excised (TECH FIG 1A-C). Care 
must be taken to preserve satisfactory bony cortex for 
stability. 

= Next, the distal ulna is exposed and the ulna-tethering 


force is released. 

= This is usually done by transecting the distal ulna 
through the epiphyseal area, leaving the triangular fi- 
brocartilage complex attached to the distal fragment. 

In the skeletally mature patient a radial osteotomy can 

be performed if the forearm bowing and deformity is 


=" If the patient has ulnar involvement only, the incision 
can be placed on the subcutaneous border of the ulna 
between the flexor carpi ulnaris and the extensor 
carpi ulnaris. Care must be taken to identify and 
preserve the dorsal branch of the ulnar nerve. c 
= If the patient has osteochondroma of both the 
radius and ulna, the incision has to be modified to severe (TECH FIG 1D-F). 
allow exposure of both bones as well as the distal =" Wire fixation is usually adequate for the osteotomy. 
ulna. = As stated earlier, in the skeletally immature patient, 
= A tourniquet of appropriate size is used. release of the tether alone is usually adequate. 





TECH FIG 1 e A. Exposure of large osteochondroma of the distal ulna. 
B. Dissection and exposure of the osteochondroma. Significant tethering is pres- 
ent distally. (continued) 
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TECH FIG 1 e (continued) C. After excision of osteochondroma and release of ulnar tethering. D. In a skeletally mature pa- 
tient, a radial osteotomy is performed after exostoses excision and ulnar-tether release. E. After excision of exostoses, ulnar- 
tether release, and radial osteotomy. F. Radiograph taken 30 months after surgery shows improved forearm-wrist alignment. 





RADIAL HEAD EXCISION 


= An incision is made over the prominent radial head © #Theradial head is then exposed and excised (TECH FIG 2). 
with the forearm in pronation to protect the posterior ™ Layered closure is then performed and the extremity is 


interosseous nerve. immobilized for 2 weeks, followed by institution of 
= Dissection is then carried down in the interval between range-of-motion exercises. 
the anconeus muscle and extensor carpi ulnaris. 


A 






TECH FIG 2 « A. Patient with painful radial head dislocation. B. Exposure of the radial head. 


Forearm is in a pronated position. C. Radial head exposed before excision. D. Excised radial head. 
Significant degenerative changes are present. 
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PEARLS AND PITFALLS 





Excision of the exostoses and 
the ulnar-tethering release 


= When the distal epiphyseal plate of the ulna has lost its growth potential, excision of 
exostoses, associated with extensive ulnar-tethering release, is our preferred technique 


to improve the pronosupination. In individuals close to skeletal maturity, the surgeon 
should perform excision of the exostoses and ulna-tethering release associated with 
epiphysiodesis of the distal radius to avoid any further progression of the deformity. In 
these patients, a radial osteotomy may also be helpful. 


Ulnar lengthening 


® In distraction lengthening of the forearm bones, the bone formation takes longer 


compared to the lower limb because of the lack of weight bearing. Therefore, one of 
the disadvantages of this technique is that the external fixator must be kept on for 


several months. 


= To improve the bone formation and reduce the risk of fracture at the lengthening site, 
dynamization techniques are recommended. 

= When the ulna is lengthened, the cordlike portion of the interosseous membrane tends 
to pull the radius distally. This action is advantageous when concomitant radial head 
dislocation is present. Otherwise, the cordlike portion of the interosseous membrane 
should be dissected to prevent migration of the radius. '' 


POSTOPERATIVE CARE 


= Exercises to maintain the range of motion of the fingers are 
encouraged immediately after surgery regardless of the tech- 
nique used. 

= In case of exostosis excision and ulna-tethering release, cast- 
ing is performed for 4 weeks, followed by range-of-motion 
exercises and splinting. 

= If an osteotomy was performed, casting is continued until 
radiographic evidence of healing is seen. 


OUTCOMES 


=" Many MHE patients do not need surgery. In patients who 
require surgery, we feel that ulnar-tether release, with or with- 
out exostoses excision, with or without radial osteotomy, pro- 
vides the most reliable result with the fewest complications. In 
selected patients this can greatly improve function, in addition 
to the improved cosmesis of the extremity. 

=" For symptomatic radial head dislocations we prefer exci- 
sion, as this usually leads to a consistent, reproducible result 
with little risk. 


COMPLICATIONS 


=" The ulnar lengthening is fraught with complications, reported 
in the literature to range from 0% to 100%.’ Recurrence of 
the deformity in the skeletal immature patient is commonly 
reported, '°7!71%:19s16 This calls into question the indications for 
this procedure. 

= The main complications in progressive distraction lengthen- 
ing are nerve damage, fractures at the lengthening site, and pin 
tract infection. When only the ulna is lengthened, the distract- 
ing tension is not exerted directly on the neurovascular bundle, 
with minimal risk of nerve dysfunction. 

=" When performing radial head excision, the surgeon has to 
be careful in the initial dissection to avoid injury to the poste- 
rior interosseous nerve as well as to the stabilizing structures 
of the elbow. 
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DEFINITION 


= Sprengel deformity is characterized by congenital high eleva- 
tion of the scapula and medial rotation of the inferior pole of 
the scapula.*>®'® The exact cause of the deformity is unknown. 
= Associated anomalies include Klippel-Feil syndrome, rib de- 
formities, omovertebral bone formation, muscle anomalies, 
clavicle hypoplasia, tracheoesophageal fistula, anal stenosis, 
kidney anomalies, diastematomyelia, and scoliosis. '%7'271!?:7" 
= Eulenberg first described three cases of congenital “high dis- 
location of the scapula” in 1863,>%° and in 1880 Willet and 
Walsham?! were the first to describe the omovertebral bone— 
a broad osseous band of bone connecting the scapula with the 
spinous process of C6. 


ANATOMY 


=" The normal scapula forms in the 5th week of fetal develop- 
ment adjacent to the level of C5 and then descends to the dor- 
sal thoracic area at a level between T2 and T8. 
=" The scapula in Sprengel deformity is abnormally high, has a 
decreased vertical diameter, and is deformed in shape. 
" The supraspinous region is rotated anteriorly in a convex- 
ity near the shape of the dorsal thorax. 
= The inferior aspect of the scapula is rotated medially. 
=" The scapula in Sprengel deformity may be attached to the 
lower cervical vertebrae (usually C6) by an abnormal band of 
tissue, which may be fibrous, cartilage, or bone (ie, omoverte- 
bral bone).7! 
= The musculature of the shoulder girdle may be hypoplastic, 
absent, or weak. 
" The trapezius muscle, the levator scapulae muscle, and the 
rhomboid muscles often are hypoplastic. 
" The trapezius is the most commonly affected muscle. 
Other muscle groups that attach to the scapula occasionally 
are affected. 
= Associated bony congenital anomalies include Klippel-Feil 
syndrome, fused ribs, cervical ribs, congenital scoliosis, cervi- 
cal spina bifida, hypoplastic clavicle, and short humerus." 


PATHOGENESIS 


=" ‘The normal scapula develops in the cervical region and then 
descends to the upper posterior area of the thorax by the end 
of the 3rd month of fetal development. 
=" Sprengel deformity occurs as a result of interruption of 
the normal caudal migration of the scapula during fetal 
development.” 
=" The cause of Sprengel deformity is unknown, but the fol- 
lowing theories have been proposed”: 
" Cerebrospinal fluid escapes through a “bleb” in the mem- 
brane of the roof of the fourth ventricle into the adjacent tis- 
sue of the neck to cause malformations. 
" Heredity (there have been several reports of familial 
occurrence) 
" Increased intrauterine pressure 
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" Abnormal articulation of the scapula to the cervical verte- 
brae, and defective musculature formation 


NATURAL HISTORY 


= The Sprengel deformity is present at birth, and the location 
of the scapula in relation to the neck and thorax remains con- 
stant as the child grows. 

=" The abnormal scapula appears to grow proportionally to 
the growth of the child. 

= Associated congenital anomalies such as congenital scoliosis 
may progress, thereby changing the appearance of the deformity. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= At birth, the shoulder with a Sprengel deformity appears to 
be displaced upward and forward. 
" In unilateral cases, shoulder asymmetry is evident. 
~ The left scapula is involved more commonly than the 
right (FIG 1A). 
" In bilateral cases, both shoulders appear to be high, and 
the neck may appear thick and short. 
= The scapula may be tilted upward. 





FIG 1 © A. Sprengel deformity of the right shoulder. 
B. Appearance of Sprengel deformity when the right arm 
is held in maximum abduction. 
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=" Motion of the shoulder is reduced in abduction and eleva- 
tion (FIG 1B). 

=" Muscle weakness or hypoplasia can be observed in the 
shoulder area. 

=" Torticollis may be present. 

=" Scoliosis and kyphosis as well as deformities of the chest 
from rib anomalies may be observed. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographs of the shoulder and neck show the bone defor- 
mities (FIG 2). 
=" Sonography of the spinal cord is helpful in infants younger 
than about 4 months of age who have congenital spine 
anomalies. 
" Sonography can be performed through the cartilage of the 
lamina and spinous process, but after about 4 to 5 months 
of age, ossification blocks the views. 
" Congenital spine anomalies have a high association with 
intraspinal abnormalities. 
=" Sonography of the kidneys is helpful in cases associated with 
congenital spine anomalies. 
= MRI is extremely helpful for evaluating muscle and soft tis- 
sue development. 
=" CT (with 3D reconstruction) is helpful to define the extent 
of bone deformity. CT provides excellent visualization of the 
omovertebral structure. 
= Both still and video photography are helpful to record pre- 
and postoperative appearance and to document function. 


NONOPERATIVE MANAGEMENT 


= In infants and young children, passive and active stretching 
exercises may be performed daily to maintain motion of the 
shoulder. 


SURGICAL MANAGEMENT 


= Operative procedures are designed to improve the appear- 
ance of the elevated shoulder and, to a limited extent, to im- 
prove its function.2:779:19:'1:19:15 
" Operative treatment can be considered in cases in which 
the deformity is disfiguring and shoulder function is impaired. 
= In children with mild deformities in which the appearance 
of the shoulder is acceptable, operative treatment probably 
is not indicated. 
= The recommended age for surgery is 3 to 8 years. 
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FIG 2 © AP radiograph of the right shoulder of a child with 
Sprengel deformity. 


Preoperative Planning 


=" Preoperative evaluation of the appearance of the deformity 
with photographs is advised. 
" The author prefers full-profile photographs taken from 
the frontal, posterior, and both side views. 
" Motion can be documented by a series of photographs 
taken with the arms extended, elevated, and abducted. 
" Videos of the patient performing motion activities of the 
shoulder are helpful to determine the degree of deformity 
and whether or not the appearance is acceptable. 
=" The Cavendish grading scale is helpful in evaluating 
appearance’: 
" Grade I (very mild): shoulder joints are level, and the de- 
formity is not obvious when the patient is dressed. 
= Grade II (mild): shoulder joints are level, but the defor- 
mity is visible when the patient is dressed. 
" Grade III (moderate): the involved shoulder is elevated 
2 to 5 cm, and the deformity is obvious. 
" Grade IV (severe): the involved shoulder is greatly 
elevated, and the superior angle of the scapula is near the 
occiput. 
=" Preoperative evaluation of shoulder motion 
" Occupational therapy measurement of combined abduc- 
tion of both shoulders (combined glenohumeral and scapu- 
lothoracic movement) as well as other shoulder motion is 
useful. 
= Shoulder functional testing also may be useful. 
" The author uses radiographs at the extremes of motion to 
verify the degree of measurements. 
=" The anomalies of the shoulder, spine, and rib cage must be 
evaluated radiographically. 
=" CT scanning and MRI are helpful to determine both bone 
and soft tissue abnormalities. 
=" Currently, the author uses somatosensory evoked potentials 
and transcranial electrical motor evoked potentials to evaluate 
the brachial plexus nerve function during surgery. 
" Baseline values are obtained after the induction of anes- 
thesia, and monitoring is continued during the procedure. 
Positioning 
= The patient is placed in the prone position with the head po- 
sitioned as if facing forward. 
= The entire arm, the shoulder, and the posterior thorax back 
area (ie, superiorly from the high cervical area, inferiorly to the 
lumbar area, and laterally to the contralateral scapular area) 
are prepared and draped. 
" The arm and scapular girdle are left free for manipulation 
during the operation. 
=" Leads for the somatosensory evoked potentials and trans- 
cranial electrical motor evoked potentials are positioned on 
the skin and muscles in sterile fashion. 


Approach 


=" The Woodward procedure consists of detaching the ori- 
gins of the trapezius and rhomboid muscles from the spin- 
ous process and moving them downward after resection of the 
omovertebral bone and any fibrous bands from the scapula.’ 
= The procedure described by Green’ involves division of the 
muscles connecting the scapula to the trunk, excision of the 
omovertebral bone, excision of the supraspinous portion of 
the scapula, and reattachment of the muscles to hold the 
scapula reduced. 
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= Bone resection superiorly is medial to the suprascapular 
notch, and about 1 cm of the medial border of the scapula 
is excised. 


= The modification described by Borges et al’ is performed as 
originally described by Woodward,”* with the addition of ex- 
cision of the medial border of the scapula and resection of the 


supraspinous portion of the scapula. 
" The muscles attached on the medial and superior borders 
of the scapula are reflected extraperiosteally to facilitate 


bony resection. 





MODIFIED WOODWARD PROCEDURE 


Incision and Dissection 


A midline incision is made that extends from the spinous 
process of the C4 distally to the spinous process of T9 
(TECH FIG 1A). 

The skin and subcutaneous tissue are undermined on the 

involved side laterally to the medial border of the scapu- 

la and the lateral border of the trapezius. 

The trapezius is bluntly dissected from the underlying 

latissimus dorsi. 

" To achieve this, bluntly dissect the lateral border of 
the trapezius muscle in the inferior aspect of the op- 
erative area from the latissimus dorsi muscle. 

™ Continue the dissection medially to the origin of the 
trapezius at the spinous process of T9. The fibers of 
the trapezius blend into the fibers of the other mus- 
cles that originate from the spinous processes. 

Detach the trapezius distally and proceed superiorly by 

detaching the remainder of the trapezius and then the 
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TECH FIG 1 « A. Location of the incision. B. Dissection of the 
trapezius and rhomboid muscles from the spinous processes 
of the vertebrae. 


=" The author does not usually recommend routine osteotomy 
of the clavicle, but it is indicated if neurologic issues arise dur- 
ing surgery. [he procedure may be performed at the discretion 
of the surgeon to diminish the risk of neurologic problems. 


rhomboid muscles to the level of the spinous process of 

C4 (TECH FIG 1B). 

Retract the trapezius and rhomboid muscles laterally. 

=" The levator scapulae muscle is identified as it origi- 
nates from the superior medial aspect of the scapula 
and courses toward the spinous process of the cervi- 
cal vertebra. 

™" Occasionally, the muscles are fibrotic, which makes 
identification and dissection more difficult. 

The omovertebral structure (which may be fibrotic, carti- 

lage, or bone) is under the levator scapulae muscle. 

= The omovertebral structure is excised extrape- 
riosteally by sharp dissection. 

=" Any fibrotic bands in the area that may limit inferior 
mobility of the scapula are incised. 

During the dissection, the spinal accessory nerve and the 

nerve to the rhomboids must be protected as they course 

beneath the trapezius muscle. 

= The spinal accessory nerve is in line with the vertebral 
border of the scapula. 

=™ In cases involving significant fibrosis of muscles, the 
nerves may be difficult to identify, and the use of 
spontaneous or electrical triggered electromyogra- 
phy may be helpful. 

The levator scapula muscle is divided at the superior 

medial corner of the scapula. 

The transverse cervical artery, which is deep to the leva- 

tor scapulae muscle, must be protected at the superome- 

dial area of the scapula, because bleeding occasionally 

can be problematic. 


Scapular Resection and Reduction 


Superiorly, the scapula is excised medially to the supra- 
scapular notch, after which approximately 1 cm of the 
medial border of the scapular is excised (TECH FIG 2). 
The scapula can be lifted, and any fibrotic bands between 
the undersurface of the scapula and chest wall are incised. 
The scapula can now be drawn inferiorly and reduced to 
a more normal anatomic level. 
=" Any fibrotic bands that prevent the reduction may be 
incised. 
As the scapula is reduced, the somatosensory evoked 
potentials and the transcranial electrical motor evoked po- 
tentials should verify the function of the nerves to the arm. 
=" During reduction, the nerves of the brachial plexus 
may become entrapped between the clavicle and the 
chest wall. 
= If the evoked potentials become abnormal, the scapula 
is replaced in the elevated position, and clavicular os- 
teotomy'* is recommended. 
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Clavicular Osteotomy 


= A 2-cm incision is made over the middle clavicle area. 

= Beneath the platysma muscle, the periosteum is incised 
longitudinally, and the clavicle is exposed by subpe- 
riosteal elevation. 
= The author prefers to use a rongeur to incise the 

clavicle. 

= The incised bone chips are used as graft in the osteotomy. 

= The periosteum and operative wound are closed in layers. 

= The scapula is reduced, and the rhomboid muscles (and 
fascia) and the trapezius muscle are reattached in a more 
caudad position at the midline to the ligaments between 
the spinous processes. 

= The latissimus dorsi muscle can be lifted to allow the in- 
ferior wing of the scapula to be positioned beneath it. 

= The inferior tip of the scapula wing can be sutured to the 
latissimus dorsi muscle. 

= The operative wound is closed in layers, and wound suc- 
tion drainage may be used at the surgeon's discretion. 





TECH FIG 2 e Areas of resection of the scapula. 





PEARLS AND PITFALLS 





= May indicate brachial plexus compromise and the need for a clavicular 
osteotomy 


Somatosensory evoked potentials and transcranial 
electrical motor evoked potentials are helpful 
to monitor the neurologic status of the arm. 


Resection of the prominent superior and the 
medial border of the scapula 


= Offers the opportunity to improve both appearance and functional 
outcomes 


Osteotomy of the clavicle = May prevent brachial plexus palsy 


POSTOPERATIVE CARE 


= Postoperatively, the arm is maintained in a Velpeau bandage 1. 
for about 4 weeks. 

= Physical therapy is initiated after removal of the Velpeau 
bandage, with emphasis on glenohumeral motion and muscle 
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DEFINITION 


= The sternocleidomastoid (SCM) muscle is a major muscle of 

the neck that laterally flexes and rotates the head. 

=" The term torticollis comes from the Latin words tortus 

(twisted) and collum (neck). It refers to a clinical deformity 

where the head tilts in one direction and the neck rotates to the 

opposite side involuntarily. 

=" Congenital muscular torticollis (CMT) associated with a 

contracture of the SCM muscle is the most common etiology 

of torticollis in infants. 

=" CMT is the third most common congenital deformity, next 

to developmental dysplasia of the hip and congenital clubfoot. 

The incidence of CMT ranges from 0.4% to 1.3%.77°"19 

= Shortening and contracture of the SCM muscle results in 

tightness that gives the typical clinical appearance, which is de- 

tected at birth or shortly thereafter. 

= Cheng et al’ subdivided the CMT patients into three groups: 
" Clinically palpable sternomastoid “tumor” or pseudotumor 
" Muscular torticollis group without palpable or visible 
tumor but with clinical thickening or tightness of the SCM 
on the affected side 
" All the clinical features of torticollis with neither a palpa- 
ble mass nor tightness of the SCM muscle 


ANATOMY 


=" On each side, the SCM muscle passes obliquely across the 
side of the neck and divides the neck into anterior and poste- 
rior triangles. 
= It originates from two heads: 

" Sternal head: superior and anterior surface of manubrium 

sternl. 

= Clavicular head: superior surface of medial third of clavi- 

cle. With the two heads combining, the muscle ascends lat- 

erally and posteriorly to insert in the mastoid process of the 

temporal bone. 
= The functions of sternocleidomastoid are multiple: 

=" With unilateral contraction, it: 

_ Flexes the head and cervical spine ipsilaterally 
~ Laterally rotates the head to the contralateral side 
=" With bilateral contraction, it: 
Protracts the head 
Extends the incompletely extended cervical spine 

= The SCM is innervated by the: 

" Spinal accessory nerve (XI) 

=" Ventral ramus of second cervical nerve (C2) 
= The spinal accessory nerve penetrates the deep surface of the 
SCM muscle, giving off a branch that supplies it. It passes to 
the posterior aspect of the SCM deep to Erb’s point. 
=" Erb’s point is located roughly in the middle of the posterior 
border of the SCM muscle. At this point, the anterior branch 
of the greater auricular nerve crosses the SCM. 
=" The external jugular vein is located anterior to the SCM 
muscle at the proximal part. It crosses the SCM muscle 


obliquely at its midpoint and ends at the subclavian vein pos- 
teroinferior to the SCM muscle. 

=" The SCM protects the carotid artery and internal jugular 
vein, both of which lie deep to it. 

= The clavicular origin of the SCM muscle can vary in size. In 
some cases, the width of the clavicular attachment may extend 
to the midpoint of the clavicle. 

= The anatomy of the SCM muscle and important surround- 
ing structures is shown in FIGURE 1. 


PATHOGENESIS 


=" The most common etiology of CMT in infants is contracture 
or shortening of the SCM muscle. 

=" Infants with CMT most often have a history of difficult or 
traumatic delivery. 

= Davids et al’ reported that the position of the head and neck 
in utero or during labor or delivery can lead to local trauma to 
the SCM muscle. This is the only muscle in the SCM muscle 
compartment demonstrated by cadaver studies. 

=" Progressive fibrosis and contracture of the SCM muscle may 
be the sequelae of an intrauterine or perinatal compartment 
syndrome.’ 
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FIG 1 © Anatomy of sternocleidomastoid (SCM) muscle and im- 
portant surrounding structures. Note the course of the external 
jugular vein and greater auricular nerve; the carotid artery and 
internal jugular vein lie deep to the SCM muscle. 
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=" CMT may occur in association with oligohydramnios, mul- 
tiple births, first-born children, and developmental dysplasia 
of the hip (DDH). 
" These data support the theory of intrauterine restricted 
fetal motion and malpositioning of the head and neck. 
These conditions may be associated with more difficult and 
traumatic deliveries. 
" However, CMT found in the infants who are delivered by 
cesarean section is not consistent with the theory of birth 
trauma. 
" The data that show 20% coexistence of developmental 
dysplasia of the hip support the theory of intrauterine mal- 
position and crowding.’ 
=" About 50% of patients with CMT are born with a clinically 
palpable SCM tumor.’ This tumor or pseudotumor is be- 
lieved to be a developing hematoma that undergoes subse- 
quent fibrosis. This could result from either birth trauma or in- 
trauterine malposition. 
= Electron microscopy studies revealed that the existence of 
myoblasts in the interstitium of the mass at different stages of 
differentiation and degeneration might have a significant bear- 
ing on the pathogenesis of torticollis.'” 
" Tang et al'’ explained the success of conservative man- 
agement (stretching exercises) with the presence of myoblast 
cells besides fibroblast cells. 
= In vitro, myoblasts could be mechanically stimulated to 
undergo both hypertrophy and hyperplasia by intermittent 
stretching and relaxation. 
= The pathogenesis of the torticollis resulting from pathologies 
other than CMT is affiliated with other conditions or syndromes. 


NATURAL HISTORY 


=" Diagnosis of CMT is usually made at or near birth. Other 
causes of torticollis generally present later (4 months to 1 year). 
=" A mass (SCM tumor) or fullness in the SCM muscle usually 
exists within a few weeks or months after delivery. 
= Typically, the mass decreases in size and disappears between 
6 and 12 months of age. 
= If it remains untreated, contraction and sometimes a fibrous 
bundle can occur in the muscle. 
=" Flexion and rotation deformity of the neck begins in infancy. 
" Typically the head turns toward the involved side and the 
chin points to the opposite shoulder. 
" Plagiocephaly and facial asymmetry may be present early 
on; they increase with time. 





=" In persistent cases, deformity progresses and becomes 
inflexible. 
= Flattening of the skull and facial bones can develop on the 
affected or normal side depending on the sleeping position of 
the child. 
= If the child remains untreated until 5 to 7 years of age, con- 
traction of the neck with limited motion becomes resistant to 
correction. The deformity of the cranium and facial bones also 
becomes less amenable to spontaneous correction. 
" Formation of a lateral band is mostly responsible for lim- 
ited neck mobility. 
= In older children with persistent deformity, radiographic ab- 
normalities can also occur; they include asymmetry of the ar- 
ticular facets of the axis, tilt of the odontoid process to the side 
of the torticollis, and possibly cervicothoracic scoliosis.**'* 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" A complete history and physical examination should be 
done in newborns with torticollis. 
= The incidence of the breech presentation and birth trauma 
in children with CMT is higher than the general population. 
= There is known coexistence of DDH with torticollis. 
" The reported incidence of DDH with CMT varies from 
8% to 20%.” 
= A clinical examination of the hip and ultrasonography 
screening are thus required for children with CMT. 
" A previous belief that CMT was associated with metatar- 
sus adductus and clubfoot is not supported by the literature. 
=" Typically, children with CMT hold their head laterally 
flexed to the affected side and rotate their face to the opposite 
side. 
=" Range of neck movement can initially be normal in infants 
with CMT. Later, the typical deformity can usually be ob- 
served. This gradually progresses as the muscle contracture be- 
comes tighter. 
=" Any degree of restriction should be noted during the 
examination. 
=" The facial bones and cranium are observed for asymmetry. 
Any flattening of the skull bones is also noted. 
=" With palpation, a nontender, soft mass of 1 to 2 cm is occa- 
sionally found in the lower or middle third of the SCM mus- 
cle. With time, the mass changes to a fibrous bundle, and the 
SCM tendon can then be identified as a tight band that resists 
correction (FIG 2). 


FIG 2 e Anontender, soft mass of 1 to 
2 cm can be found in the lower or 
middle third of the sternocleidomas- 
toid (SCM) muscle within weeks ora 
few months after delivery. At later 
ages (usually after 6 to 12 months of 
age), the mass changes to a fibrous 
bundle and the SCM tendon then can 
be identified as a tight band. 
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= The flexible deformity seen in the early stage can be cor- 
rected by gentle stretching. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Radiographs 
= Standard cervical spine anteroposterior and lateral views 
and open-mouth odontoid views are obtained to rule out 
bony abnormalities such as atlantoaxial instability or fixation, 
cervical fusion, cervical scoliosis, and odontoid anomalies. 
= At the later phases of the developing deformity, radi- 
ographic abnormalities such as asymmetry of the articular 
facets of the axis, tilt of the odontoid process to the side of 
the torticollis, and sometimes cervicothoracic scoliosis may 
be observed.*?'* 
=" Ultrasound examination should be performed in children 
with a palpable SCM mass to demonstrate the fibrotic lesion 
within the SCM muscle and to differentiate the mass from 
other pathologies in the neck such as neoplasms, cysts, and 
vascular malformations. 
= In a recent study Tang et al'* presented their observations 
with the use of ultrasound for the long-term follow-up of 
CMT. They noticed that CMT is a polymorphic and dynamic 
condition rather than a fixed presentation. The alterations of 
the fibrosis in muscle can affect the type of treatment. 
=" Hip ultrasonography should be routinely done in patients 
born with CMT. 
" There is a relatively high incidence of coexistence between 
CMT and DDH. 
=" Some investigators have advised MRI to evaluate the muscle 
for thickening and fibrosis; however, it does not provide addi- 
tional information. Further, for infants, MRI requires a gen- 
eral anesthetic, with its associated risks. 
" If a posterior fossa tumor is suspected, MRI is indicated. 


DIFFERENTIAL DIAGNOSIS 


=" Ophthalmologic torticollis occurs with oculomotor imbal- 
ance, which is usually observed after the development of fo- 
cusing skills (3 months). Ophthalmologic torticollis is caused 
by a weakness of one of the oculomotor muscles of the eye 
(typically the superior oblique). This causes a strabismus that 
can be observed if the head tilt is manually corrected. (This 
maneuver is useful in providing a diagnosis.) Other causes are 
strabismus and nystagmus. 
=" Neurologic causes such as the postural head tilt seen with 
posterior fossa tumors must be ruled out. 
" Nucciet al,’’ in a multidisciplinary study, reported 25 oc- 
ular and 4 neurologic causes in 65 children with abnormal 
head posture. 
" About 10% of posterior fossa tumors initially present 
with torticollis. 
=" The other orthopaedic causes of torticollis include congeni- 
tal cervical vertebral anomalies (scoliosis, Klippel-Feil syn- 
drome) and atlantoaxial rotational instability. 
=" Grissel syndrome: torticollis associated with retropharyn- 
geal abscess or post-tonsillectomy status. 
=" Neck abscess or inflammatory disorders 
= Sandifer syndrome (reflux) 
=" Neurologic 
= Posterior fossa tumors 
= Dystonia 


NONOPERATIVE MANAGEMENT 


= The initial treatment of CMT is nonoperative and is success- 
ful in the vast majority of infants by 1 year of age. 
=" A program of gentle stretching exercises should include 
flexion—extension, lateral bending away from the involved side 
and rotation toward it. 
= Stretching exercises can be done by a physical therapist or 
by the parents with a home program. 
" In our experience, a supervised home program monitored 
by a physical therapist is the most successful method. 
=" Manual stretching should be continued until full neck rota- 
tion is achieved. 
=" In children 1 year of age or less, the plagiocephaly and facial 
asymmetry usually remodel spontaneously after the child re- 
gains full range of motion of the neck. 
=" Cervical orthoses may be an adjunct and support for chil- 
dren whose lateral head tilt does not resolve with exercises, or 
for older children who no longer tolerate stretching. 
= The duration of the conservative treatment could be longer 
in children who have SCM tumor at initial presentation. 
" The success rate of manual stretching in these patients is 
lower than those without a SCM tumor.* 
=" Surgery is recommended for recalcitrant deformity when ad- 
equate correction is not achieved by 1 year of age. 
= Children who present after 1 year of age with or without 
previous treatment are candidates for surgery if they have: 
= Significant head tilt with tight band or contracture of the 
SCM muscle 
" Limitation of passive head rotation and lateral flexion by 
more than 10 to 15 degrees 


SURGICAL MANAGEMENT 


=" Surgical intervention is indicated for children who have not 
responded to nonoperative treatment applied for a minimum 
of 6 months and for children who present with a significant 
deformity after 1 year of age. 
= The hypothesis is that the sooner correction of the torticol- 
lis is achieved, the better the chance for spontaneous correc- 
tion of the plagiocephaly and facial asymmetry. 
= If there is doubt about the diagnosis of CMT, surgery is con- 
traindicated until a workup has been completed because there 
could be an underlying disorder causing torticollis, such as oc- 
ular or neurogenic pathologies. 
= The operative techniques described for CMT are based on 
release or lengthening of the tight and shortened SCM muscle. 
=" Most commonly preferred procedures include unipolar re- 
lease, bipolar release with or without Z-plasty lengthening of 
the sternal head, and the extended procedure for older chil- 
dren and resistant cases. 
= Open, percutaneous, and endoscopic techniques have been 
described for these procedures. We have no experience with 
endoscopic technique, and we prefer the open approach. 


Authors’ Preferred Treatment 


= For infants, a home stretching program is taught and super- 
vised by a physical therapist for 6 months. 

" In children with appropriate surgical indications, bipolar re- 
lease (with or without Z-plasty lengthening) is carried out. 

=" In older children with significant deformity, a bipolar re- 
lease is the first step. Z-plasty may be appropriate in the older 
children to provide a symmetric appearance postoperatively. 
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" If satisfactory correction is not demonstrated at intraop- 
erative examination, the distal dissection is extended to per- 
mit release of the clavicular head and remaining bands. 


Preoperative Planning 


=" Cervical spine radiographs should be reviewed before 
surgery to look for bony anomalies or cervical scoliosis. 

= In fixed deformities, positioning of the head can be difficult 
for the anesthesiologist. Flexible fiberoptic intubation should 
then be considered. 

= The ear is taped anteriorly and hair around the mastoid 
process is shaved. 


= The endotracheal tube should be kept at the unaffected side 
so as not to interfere with the operative field. 
=" Draping should allow the correction to be evaluated by 
bending the neck. This determines the adequacy of the release 
intraoperatively. 
" The shoulder draping should permit the anesthesiologist 
to hold the shoulder, which can maximize tension during 
this test. 
=" The neck is bent toward the unaffected side and the head 
is rotated to the affected side so that the SCM muscle is kept 
under tension and the origin and insertion can be clearly 
identified. 


Positioning 
=" The procedure is performed under general anesthesia in the 


supine position. A sandbag is placed to elevate the shoulder on 
the affected side. 


INCISION AND DISSECTION 


= For the release of the distal pole of the SCM muscle, a 
transverse, 3- to 4-cm-long incision is made 1 cm superior 
to the clavicle and between the two heads of the SCM 
muscle (TECH FIG 1). 

= The subcutaneous tissue and platysma muscle are divided 
in the line of incision and the tendon sheaths of the clav- 
icular and sternal heads are exposed. 

= For the proximal pole exposure, a 2- to 3-cm horizontal 
incision is made just distal to the tip of the mastoid 
process. 

= The dissection is carried deeper until the periosteum of 
the mastoid process is exposed. The insertion of the mus- 
cle is then exposed subperiosteally. 


TECH FIG 1 ® Proximal and distal incisions (dotted lines). 


DISTAL UNIPOLAR RELEASE 


= — Distal unipolar release includes the release of the sternal 
and sometimes the clavicular heads of the SCM muscle. It 
may be enough for mild deformities. 

=  Atransverse incision is placed parallel and 1 cm proximal 
to the clavicle between the clavicular and sternal heads 
of the SCM. 

= An incision that overlies over the clavicle may result in a 
hypertrophic scar. A higher incision may jeopardize the 
external jugular vein and may also lead to an unsightly 
scar. 
Two heads of the SCM muscle are identified as described. 
Surrounding fascia is cleared and the sternal head or 
both heads are undermined with a curved clamp. 

= The muscles are elevated with the help of a clamp and di- 
vided using electrocautery (TECH FIG 2). 

= Alternatively, the sternal head can be lengthened by 
Z-plasty. 





TECH FIG 2 « The origin of the muscle is elevated with the 
help of a clamp and divided using electrocautery. About 5 to 
10 mm of muscle-tendon segment is divided to prevent fur- 
ther contracture and fibrous adhesions. 
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=" About 5 to 10 mm of the muscle—tendon segment is 
excised to prevent further contracture and fibrous ad- 
hesions. 

The adequacy of the release is checked by bending the 

neck to the contralateral side and rotating it to the ipsi- 


lateral side while palpating the area with a fingertip to 
identify any remaining tight bands. They are completely 
released. 

The incision is closed with subcuticular suture after care- 
ful hemostasis. 
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BIPOLAR RELEASE (AUTHORS’ PREFERENCE) 


Bipolar release includes the release of the mastoid inser- 
tion of the SCM muscle along with the distal release just 
described. 
The procedure starts with a distal incision. 
The two heads of the SCM muscle are identified. After 
undermining the tendons, the curved clamp is left under- 
neath them. 
The curved clamp is left lying superficial to the wound 
but deep to the tendon. While applying enough tension, 
ease the proximal exposure and identification of the in- 
sertion. The wound is then covered with a moist sponge. 
= With the tension applied by the clamp under the ten- 
don at the distal exposure, a safe identification of the 
origin has been simplified. Further, the limited expo- 
sure avoids the important anatomy (TECH FIG 3A). 
Attention is directed to the proximal insertion and the 
incision is placed as described before. 
The insertion of the muscle is identified anteriorly and 
posteriorly. Dissection starts subperiosteally from the mas- 
toid process to avoid the facial nerve anteriorly and the 
anterior branch of the great auricular nerve inferiorly. 


A curved clamp is passed just deep to the tendon to ele- 

vate it so it can be sectioned completely (TECH FIG 3B). 

= There is no need to resect a segment of muscle at the 
proximal part. 

After the proximal release is performed, attention is 

then directed back to the distal incision and distal release 

is completed as described before. 

= Release of the clavicular head with the lengthening 
of the sternal head by Z-plasty may be appropriate in 
older children to provide a symmetrical appearance 
postoperatively (TECH FIG 3C).® 

The neck is rotated and bent with the help of the anes- 

thesia team while checking the area with a fingertip to 

identify any remaining tight bands; they are completely 

released. 

Both surgical areas are checked to identify if any remain- 

ing tight bands or fascial structures are impeding full cor- 

rection. They are divided carefully. 

Subcutaneous and subcuticular skin closure is then per- 

formed after hemostasis. 







Sternal head 


TECH FIG 3 « A. With tension applied to the tendon at the distal 
exposure, a safe identification of the origin has been simplified. 
Further, the limited exposure avoids the important anatomy. 
B. A curved clamp is passed just deep to the tendon to elevate it for 
complete sectioning. C. Bipolar release with the lengthening of the 
sternal head by Z-plasty. (C: Modified from Ferkel RD, Westin GW, 
Dawson EG, et al. Muscular torticollis: a modified approach. J Bone 
Joint Surg Am 1983;65:894-890.) 
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PEARLS AND PITFALLS 





Approach 


= The distal pole incision is made about 1 cm superior and parallel to the clavicle. 


= Superficial scars just over the clavicle may result in hypertrophic scar and unacceptable cosmesis. 
= Incisions close to the midpoint of SCM may compromise the external jugular vein and neurologic structures 


and may lead to an unacceptable scar. 


= To avoid complications, the proximal horizontal incision is placed just distal to the tip of the mastoid process. 
Applying tension under the tendon distally simplifies safe identification of the insertion. 


Unipolar release 
Bipolar release 


= Unipolar release is used only in younger patients with mild deformities. Generally, a bipolar approach is better. 
= A bipolar release is more likely to avoid residual and recurrent deformity. The surgeon should not hesitate to 


perform this procedure before 1 year of age in resistant cases (9 to 12 months). 
= The SCM tendon is first exposed at the origin in the distal wound. The tendon or tendons are elevated to pro- 
vide tension; the proximal release is then performed; and finally the distal release is completed. 


POSTOPERATIVE CARE 


=" Postoperative management includes immobilization of the 
head and neck in a slightly overcorrected position with a 
thermoplastic custom-made brace or pinless halo for 3 weeks 
(FIG 3). 
= The purpose of the brace immobilization is to avoid a ha- 
bitual posture followed by postoperative scarring. It might 
also help to reprogram the corrected posture as a norm for 
the child. 
= The brace is removed in 3 weeks and passive stretching is 
recommended as well as active strengthening exercises. 
= Exercises are continued at home for 3 to 6 months. 


OUTCOMES 


= Early conservative management is successful in over 90% of 
children with CMT who are younger than 1 year.?**°° 

= In resistant cases there is still controversy between unipolar 
and bipolar release. 

= Cheng et al*° reported excellent results in children operated 
on at age 6 months to 2 years with unipolar release. 

= Canale et al' found better results after bipolar release, al- 
though the difference was not statistically significant. 

=" Wirth et al'® reported satisfactory results in 48 of 55 
patients who had undergone bipolar release, with low recur- 
rence rates (1.8%). 





FIG 3  Pinless halo device for postoperative management. 


= Ferkel et al® described a modified bipolar release technique 
that includes release of the mastoid and clavicular attach- 
ments of the SCM muscle and Z-plasty lengthening on the 
sternal origin to maintain a V contour of the neck distally for 
cosmesis. They reported 92% satisfactory results with this 
technique. 

=" We have had one case of recurrence with unipolar release 
and none with bipolar release in about 50 cases. There have 
been no wound problems, hypertrophic scarring, or neurovas- 
cular complications. 


COMPLICATIONS 


Wound breakdown 

Hematoma 

Residual lateral band 

Neurovascular damage 

Spinal accessory nerve 

Anterior branch of the great auricular nerve 
External jugular vein 

Carotid artery 

=" Hypertrophic scar 
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Posterior Cervical Arthrodeses: 
Occiput-—C2 and C1-C2 


John P. Dormans, Gokce Mik, and Purushottam A. Gholve 


DEFINITION 


= The occipitocervical articulation is formed by the occiput, 
the atlas (C1), and the axis (C2). This functional unit provides 
a large degree of mobility and range of motion through the 
strong ligamentous structures and cup-shaped joints. 

=" Over 50% of the total axial rotation occurs between the 
first and second vertebrae, while flexion—extension movement 
predominantly occurs at the occipitoatlantal junction.” 

= Excessive movement at this junction due to either bony or 
ligamentous abnormalities causes instability. A wide variety of 
pathologies such as genetic and congenital developmental ab- 
normalities, trauma, tumors, and inflammatory and degenera- 
tive conditions can lead to upper cervical spine instability. 

=" Depending on the degree of displacement and spinal canal 
compromise, cord compression and myelopathy may occur. 

=" Major instability is usually addressed with surgical occipito- 
cervical or C1—C2 arthrodesis. Since Foerster first described a 
technique for occipitocervical arthrodesis using fibular strut 
graft in 1927, several procedures have been reported with vari- 
able rates of fusion and techniques of stabilization. 

= In this chapter, brief information on upper cervical spine in- 
stability is given and general principles of occipitocervical and 
C1-C2 arthrodesis are discussed. Also our techniques developed 
for posterior occipitocervical fusion are described in detail. 


ANATOMY 


= It is important to understand that the pediatric upper cervi- 
cal spine is not a “miniature model” of the adult spine. The 
cervical spine approaches adult size and shape by ages 8 to 12, 
as growth cartilage fuses and vertebral bodies gradually lose 
their oval or wedge shape and become more rectangular. 
= The upper cervical spine has unique development, anatomy, 
and biomechanics. 
= The atlas develops from three ossification centers, a body 
and two neurocentral arches, which become visible by age 1 
year (FIG 1A). 
" The neurocentral synchondroses fuse with the body at 
about 7 years of age and may be mistaken for fractures on 
radiographs.'* 
= The axis is derived from five primary ossification centers: 
the two neural arches or lateral masses; the two halves of the 
dens; and the body. 
= There are two secondary centers: the ossiculum terminale 
and the inferior ring apophysis (FIG 1B). 
= The two halves of the odontoid are generally fused at birth 
but may persist as two centers, known as the dens bicornis.'° 
=" The dentocentral synchondrosis, which separates the dens 
from the body, closes between the ages of 5 and 7 (FIG 1B). 
Until the ossification is complete, it gives the appearance of a 
“cork in a bottle” on an open-mouth odontoid view. 
" The tip of the dens appears at age 3 years and is fused by 
age 12. 
= Occasionally, it remains as a separate ossiculum. 


374 


11.45 


= After skeletal maturity the atlas does not have a body as 
such, and is shaped like a ring. The flat, cup-shaped articular 
surface under the occipital condyle allows for flexion, exten- 
sion, and some bending. The dens articulates with C1 through 
the dorsal facet of the anterior arch. C1—-C2 articulation al- 
lows for rotation.2 The vertebral artery passes through the 
foramen that is located in the transverse processes. 
= The ligamentous structure allows for a wide range of motion 
of the upper cervical spine while maintaining stability. The short 
ligaments at the base of the skull are as follows (FIG 1C): 
= Tectorial membrane, which is a continuation of the poste- 
rior longitudinal ligament that provides considerable support. 
" Cruciate ligament, which includes transfer ligaments, re- 
strains against atlantoaxial anteroposterior translation. 
" Alar and apical ligaments, which run from foramen mag- 
num to the odontoid, act as secondary stabilizers. 


PATHOGENESIS 


=" Fundamentally, upper cervical spine instability can develop 
from osseous or ligamentous abnormalities resulting from ac- 
quired or congenital disorders. As a result of instability, exces- 
sive motion and spinal cord compression may occur at the oc- 
cipitoatlantal and atlantoaxial joint or both. 
=" In nontraumatic conditions, ligamentous laxity (particularly 
in the transverse ligament) or abnormalities of the odontoid 
cause instability. 
= In Grisel syndrome, a type of atlantoaxial rotatory displace- 
ment, inflammation of the retropharyngeal space, caused by 
upper respiratory tract infections or by adenotonsillectomy, 
spreads through the pharyngovertebral veins to the ligaments 
of the upper cervical spine. This results in impairment of the 
transverse atlantal ligament and instability.*' 
=" In Down syndrome, the main cause of atlantoaxial instabil- 
ity is the laxity of the transverse ligament, which holds the dens 
against the posterior border of the anterior arch. Also, malfor- 
mation of the odontoid can be observed in this condition.” 
= Klippel-Feil syndrome is associated with congenital cervical 
anomalies, such as occipitocervical synostosis, basilar impres- 
sion, and anomalies of the odontoid, and can be associated 
with instability, stenosis, or both. 
=" Odontoid anomalies include aplasia, hypoplasia, duplica- 
tion, third condyle, persisting ossiculum terminale, and os 
odontoideum. 
" The atlantodental interval (ADI), which is measured from 
the anterior aspect of the dens to the posterior aspect of the an- 
terior ring of the atlas, increases in atlantoaxial instability. It 
is a way of assessing the more important space available for 
the cord. The transverse ligament serves as the first line of de- 
fense, maintaining the atlanto—odontoid interval. 
" In older children (older than 8 years) and adults, the 
ADI should be 3 mm or less, while in younger children, the 
ADI should be 4 mm or less (some consider 4.5 to 5 mm 
acceptable).'* 
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FIG 1 e Anatomy ossification centers of the atlas and axis during development, and the alar, apical, and transverse ligaments. 


= In children, we consider an ADI of 4 mm or more as evi- 
dence of atlantoaxial instability. 


NATURAL HISTORY 


= Patients with upper cervical instability frequently have other 
associated pathologic conditions in the occipitocervical region 
such as spinal stenosis, basilar impression, cervical fusions, oc- 
cipitalization, or congenital anomalies of the atlas or axis 
(dens), and central nervous system abnormalities. 
" When one encounters one of these conditions, others 
should be sought also. 
= Instability of the upper cervical spine and stenosis often are 
two major factors in the development of myelopathy. 
= Patients who are symptomatic at initial presentation are 
often at risk for progressive neurologic symptoms. Once cervi- 
cal myelopathy develops it rarely resolves entirely. 
= Paralysis and death are rare but may be encountered in pa- 
tients with upper cervical spine instability. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Upper cervical spine instability is rare in patients without 
predisposing conditions or trauma. 

= The instability is usually determined in radiographic exami- 
nation of the children with syndromes or conditions known to 
have frequent involvement of the musculoskeletal system.’” 
An orthopedic surgeon is usually consulted for children with 
such conditions. 

" Clinical presentation can vary because of the associated syn- 
dromes and anomalies. 


= Patients may present with symptoms such as loss of range of 
motion, stiffness, mechanical pain of the head or neck, and 
torticollis. 

= It is not uncommon to see patients presenting with neuro- 
logic symptoms, which can vary from minor sensory or motor 
disturbances to established myelopathy. Neurologic symptoms 
or signs result from mechanical compression of the spinal cord 
or nerve roots. 

= Torticollis may be the presenting symptom of rotatory or 
postinfectious atlantoaxial instability. 

=" According to the degree of compression and the affected site 
of the spinal cord, signs and symptoms can vary. They may in- 
clude loss of physical endurance, difficulty walking, weakness, 
and upper motor neuron signs (spasticity, hyperreflexia, 
clonus, Babinski sign), which can be seen with anterior spinal 
column involvement. 

= Pain deficits and proprioception and vibratory sense deficits 
can be seen with posterior spinal column involvement. 

=" Increased nasal resonance may also be observed. It may 
occur because of the decreased size of the nasopharynx result- 
ing from anterior displacement of the atlas. 

=" Vertebral artery distortion and insufficiency may lead to 
bizarre symptoms such as syncopal episodes, sudden postural 
collapse without unconsciousness, change in behavior, dizzi- 
ness, and seizures. 

=" In cerebellar involvement nystagmus, ataxia and incoordi- 
nation are the common findings. 

=" Neurogenic bladder and bowel, cranial nerve involvement, 
paraplegia, hemiplegia, and quadriplegia should be kept in 
mind; sometimes the patient presents with only one of these 
findings. 
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IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Standard radiographs include anteroposterior, open-mouth 
odontoid, and lateral (neutral and flexion—extension) cervical 
spine views. 
= Instability can be identified on the lateral flexion—extension 
view. Atlantoaxial instability is diagnosed on the basis of an 
increased ADI (FIG 2A). 
" In children older than 8 years and in adults, the ADI should 
be 3 mm or less, while in younger children the ADI should be 
4 mm or less (some consider 4.5 to 5 mm acceptable).'? 
" In children, we consider an ADI of 4 mm or more as evi- 
dence of atlantoaxial instability. This measurement does not 
always correlate with the degree of brainstem or cord com- 
pression (as seen on MRI), however. An asymptomatic pa- 
tient may have instability. 
=" Space available for the spinal cord (SAC) is measured from the 
posterior border of the dens to the anterior border of the poste- 
rior tubercle. According to Steel’s rule of thirds,'’ SAC should be 
about one third of the diameter of the ring of atlas (FIG 2A). 
" This safe zone allows for some degree of pathologic dis- 
placement. Displacement of more than one third of the di- 
ameter causes cord compression. 
" This measurement directly describes the space available 
for the spinal cord, which is highly associated with the neu- 
rologic involvement. 
= The relationship between the foramen magnum, atlas, and 
odontoid can be determined in lateral radiographs. 
" The ADI is measured from the anterior aspect of the dens to 
the posterior aspect of the anterior ring of the atlas (FIG 2A). 
= In older children (older than 8 years) and adults, the ADI 
should be 3 mm or less. 
" In younger children, the ADI should be 4 mm or less 
(some consider 4.5 to 5 mm acceptable). 
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=" The line of McRae connects the anterior rim of the foramen 
magnum to the posterior rim (FIG 2A), 
" The upper tip of the odontoid should normally be 1 cm 
below the anterior margin of the foramen magnum. 
" If the effective sagittal diameter of the canal (length of the 
line) is less than 19 mm, neurologic symptoms occur. 
= The line of Chamberlain is drawn from the posterior margin 
of the hard palate to the posterior margin of the foramen mag- 
num (see Fig 2). 
" The tip of the odontoid should be 6 mm below this line. It 
bisects the line in basilar invagination. However, determina- 
tion of the landmarks can be difficult on plain radiographs. 
=" The McGregor line is drawn from the most caudal point of 
the occipital projection to the posterior edge of the hard plate 
(FIG 2A). 
" This line is one of the best for detecting basilar impression 
because the osseous landmarks can usually be seen at all 
ages. If the tip of the odontoid process lies more than 
4.5 mm above this line, the finding is consistent with basilar 
impression. 
=" The line of Wackenheim is drawn parallel to the posterior 
surface of the clivus (FIG 2A). 
= The inferior extension of the line should be in touch with 
the posterior tip of the odontoid. In basilar invagination it is 
over that line. 
=" The Wiesel-Rothman line is drawn connecting the anterior 
and posterior arches of the atlas. Two lines are drawn perpen- 
dicular to this line, one through the basion and the other 
through the posterior margin of the anterior arch of the atlas 
(FIG 2B). 
= A change in the distance (x) between these lines of more 
than 1 mm in flexion and extension indicates increased ab- 
normal translational motion. 
= The ratio of Power is calculated from a line drawn from the 
basion to the posterior arch of the atlas and a second line from 





FIG 2 © A. Lateral craniometry of the craniocervical junction with landmarks, commonly used lines, and methods for examining the 
relationship between the atlas, odontoid, and foramen magnum and measuring the space available for the spinal cord (SAC). The 
atlantodental interval (ADI) is measured from the anterior aspect of the dens to the posterior aspect of the anterior ring of the 
atlas. The McRae line connects the anterior rim of the foramen magnum to the posterior rim. The Chamberlain line is drawn from 
the posterior margin of the hard palate to the posterior margin of the foramen magnum. The McGregor line is drawn from the 
most caudal point of the occipital projection to the posterior edge of the hard palate. The Wackenheim line is drawn parallel to the 
posterior surface of the clivus. B. Method for calculating the Wiesel-Rothman line for atlanto-occipital instability. A line is drawn 
connecting the anterior and posterior arches of the atlas (/ine 1-2). Two lines are drawn perpendicular to this line, one through the 
basion and the other through the posterior margin of the anterior arch of the atlas (/ine 3). A change in the distance (x) between 
these lines of more than 1 mm in flexion and extension indicates increased abnormal translational motion. C. Lines used to calcu- 
late the Power ratio. A line is drawn from the basion (B) to the posterior arch of the atlas (C) and a second line from the opisthion 
(O) to the anterior arch (A) of the atlas. The length of the first line is divided by the length of the second. (Adapted from Copley 
LA, Dormans JP. Cervical spine disorders in infants and children. J Am Acad Orthop Surg 1998;6:204—214.) 
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the opisthion to the anterior arch of the atlas (FIG 2C). The 
length of the first line is divided by the length of the second. 
= A ratio of less than 1.0 is normal. 
= A ratio of 1.0 or more is abnormal and is diagnostic of an- 
terior occipitoatlantal dislocation. 
=" MRL is useful to identify pathologic changes at the dura mater 
and spinal cord as well as additional soft tissue pathologies. 
" Functional MRI scans performed in flexion and exten- 
sion can be used to assess dynamic brainstem or cord 
compression. 
=" CT scan can provide additional information regarding the 
bony anomalies. 
" In atlantoaxial rotational displacement, pathoanatomy is 
determined by fine-cut dynamic CT scan with left-right ro- 
tation of the head. 


DIFFERENTIAL DIAGNOSIS 


=" Pseudosubluxation 

=" Os odontoideum 

=" Congenital muscular torticollis 
=" Ankylosing spondylitis 


NONOPERATIVE MANAGEMENT 


=" Children with known risk of upper cervical instability 
should be evaluated carefully. Especially patients with congen- 
ital syndromes associated with upper cervical spine instability 
should have periodic clinical and radiographic examinations 
until maturity.’” 
=" Upper cervical spine radiographs including anteroposterior 
(AP), lateral (neutral and flexion—extension views), and open- 
mouth odontoid views are obtained periodically to assess and 
detect any trends and changes. 
= Patients and parents should be educated about the diagnosis 
and natural history of the disorder and encouraged to report 
any symptoms as soon as they occur. 
=" Because of bone and ligament abnormalities, patients with 
upper cervical spine instability have a greater risk of spinal 
cord injury even with minor trauma and even when they are 
asymptomatic. 
=" As previously described, periodic observation should 
be done and if any progression is noticed, the patient should 
be prepared for appropriate surgical stabilization when 
indicated. 
" In children we consider an ADI of 4 mm or more as evi- 
dence of atlantoaxial instability. Documented significant in- 
stability at the atlanto-occipital or atlantoaxial joints is an 
indication for posterior arthrodesis of occiput-C2 and 
C1-C2 arthrodesis, respectively. 
=" In some congenital disorders such as Morquio syndrome, 
progression of the instability is frequent; in these cases prophy- 
lactic fusion should be considered before neurologic symptoms 
occur. ’” 
=" However, in Down syndrome, the patients with instability 
are usually asymptomatic and in most cases signs and symp- 
toms progress slowly. Restriction of high-risk activities usually 
is appropriate. If the clinical symptoms persist or neurologic 
symptoms are starting to occur in the setting of significant in- 
stability, surgical treatment is indicated.”'° 
=" Children with congenital fusion of cervical vertebrae 
(mostly in Klippel-Feil syndrome) should be restricted from 
high-risk sports. Patients with progressive symptomatic seg- 


mental instability or neurologic compromise are candidates for 
surgical stabilization.'® 


SURGICAL MANAGEMENT 


= The main indication for the posterior occiput—C1 or C1-C2 
arthrodesis is instability of the atlanto-occipital or atlantoax- 
ial joint. 
= For occipitoatlantal instability and instability with congeni- 
tal or acquired (because of removal of tumor or laminectomy) 
defects of posterior elements, we developed two techniques of 
occipitocervical arthrodesis at our institution. 

" Rib graft technique 

= Tliac graft technique 
=" Many techniques of atlantoaxial fusion using cables, 
transarticular screws, plates, and bone graft materials have 
been described. For isolated atlantoaxial instability, we com- 
monly prefer the Gallie technique, the Mah modified Gallie 
technique, and the Brooks sublaminar wire technique. 


Preoperative Planning 


= Plain radiographs and CT scans are reviewed and any os- 
seous findings noted. 

=" MRI evaluation for the spinal cord compression is 
recommended. 

= An appropriate halo ring is measured for the patient. 

=" Somatosensory evoked potentials, transcortical motor- 
evoked potentials, and electromyography are the preferred 
neurologic monitoring modalities. 

= Flexible fiberoptic intubation with manual in-line axial sta- 
bilization should be considered to minimize cervical motion 
during intubation maneuvers. 

Positioning 

= After induction of general anesthesia in the supine position, 
a halo ring is applied, and the patient is carefully turned to the 
prone position. 

= The halo device is fixed to the Mayfield positioning device, 
which is securely fixed to the operating table (FIG 3). 

= Lateral fluoroscopy or radiography should be done before 
starting the procedure to confirm the alignment of the occiput 
and cervical spine. 

=" Donor sites (rib or ilium) are also prepared for graft 
harvesting. 


Approach 


=" The posterior midline incision is made from the occiput to 
the intended distal fusion site (usually C2) for occipitocervical 
arthrodesis. 

= The paraspinal muscles are elevated with a Cobb elevator 
and retracted laterally. Excessive lateral dissection should be 
avoided to prevent any damage to the vertebral artery, which 
runs in a serpentine course in relationship to the C2 vertebra. 
=" For occipitocervical arthrodesis, the dissection is carried 
proximally to the occipital protuberance and distally to the 
level planned to include the fusion. 

" For atlantoaxial arthrodesis, the dissection is started from 
the lower occiput and the surgeon identifies the posterior 
arch of the atlas, the bifid spinous processes, and the lamina 
of the axis. 

= The surgical exposure of vertebra is limited up to the in- 
tended level of fusion to prevent unintentional inclusion of the 
adjacent level in the fusion mass. 
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FIG 3 « A. Prone position with halo fixed to 
Mayfield positioning device (Integra 
Corporation). B. Side view. 


OCCIPITOCERVICAL ARTHRODESIS WITH ILIAC GRAFT 


At the level below the transverse sinus, four transverse- 

oriented holes are drilled through both cortices of the 

occiput with a high-speed diamond drill.’ 

= The holes are aligned transversely with two on each 
side of the midline. At least 1 cm of intact bone 
should be left between the holes to prevent wire pull- 
out through the skull (TECH FIG 1A). 

= Surgical loupes and a headlamp are recommended 
for this procedure. 

Using a high-speed diamond burr, the surgeon makes a 

transverse-oriented trough into the base of the occiput 

to fit the rectangular superior part of the iliac autograft. 

A single corticocancellous autograft (3 < 4 cm) is har- 

vested through an oblique incision over the posterior su- 

perior iliac spine. 

A rectangular graft is taken. The surgeon creates a notch 

in the inferior base of the graft to be suitable for the 

base of the spinous process of the second or third verte- 

bra (TECH FIG 1B). 

16- or 18-gauge wire is passed through the burr holes on 

each side of the midline and the wire is looped on itself 

(TECH FIG 1C,D). 





A sublaminar wire is placed under the ring of C2 or C3 (or 

passed through the base of the spinous process, if struc- 

turally sufficient, or if there is canal stenosis). 

=" The left side of the graft accepts the left end of the 
wire and the right end of the graft accepts the right 
end of the wire (TECH FIG 1E). 

The edges of the graft are contoured to fit appropriately 

into the occipital trough and around the base of the 

spinous process (TECH FIG 1F). 

The wires are tightened over the graft in figure 8 shape. 

After satisfactory tightening the edges of the wire are 

cut and bent away from skin (TECH FIG 1G,H). 

Intraoperative fluoroscopy or radiography is used to con- 

firm the alignment of the occiput and cervical spine, sta- 

bility, and the position of the graft and wires. 

The graft should be structurally stable at the end of the 

procedure. 

Flexion—extension of the halo frame, better contouring 

of the graft, and appropriate tightening of the wires 

can be used to make adjustments in reduction and 

alignment. 


TECH FIG 1 « A. Four transverse-oriented 
occipital burr holes and rectangular 
trough. B. Corticocancellous rectangular 
graft with a notch at the inferior base of 
the graft. (continued) 
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Trough in 
base of skull 





TECH FIG 1 « (continued) C. A Luque wire is passed through the occipital burr hole and another wire is passed sublaminarly 
under the arch of C2 or through the base of the C2 spinous process. D. Occipital wire is looped on itself. E. Schematic draw- 
ing showing occipital wire looped on itself and the wire passed through the base of the C2 spinous process. F. Graft (arrow) 
placed between the occiput and C2. G. The wires are tightened over the graft in a figure 8 shape, twisted, and cut. 
H. Schematic drawing showing the graft placement and securing with wires. 


OCCIPITOCERVICAL ARTHRODESIS WITH RIB GRAFT 


An oblique incision overlying the posterior rib allows for 

adequate exposure.? 

=" The muscle fibers are separated and dissection is car- 
ried down to the periosteum of the rib. 

Adequate rib is exposed and cut. 

= The size of the rib graft is greater than the area to be 
fused because part of the rib is used as morcelized graft. 

= Using a rib cutter, the graft is cut distally and proxi- 
mally and removed (TECH FIG 2A). 

Irrigation fluid is placed in the surgical site and positive 

pressure applied to check for pleural leaks. 

If a pleural tear is detected, air can be removed from the 

chest cavity by using a red rubber tube and suction. 

A larger leak may require placement of a thoracostomy 

drainage tube. 

= In all patients, a chest radiograph should be taken 
after rib harvest to rule out pneumothorax. 

Two full-thickness structural grafts are prepared to fit 

the arthrodesis site. 

The rib grafts can span large defects and fit nicely into 

large or abnormally shaped skull, and we find this best 

for young infants. 

16- or 18-gauge wire is looped through the burr holes on 

each side of the midline (see TECH FIG 1C). 

= The burr holes are drilled and aligned similarly to the 
ones described for the iliac graft technique. 


=" There is no need to create a groove at the base of the 
occiput. 

Braided cable or no. 5 Mersilene sutures may be used in- 

stead of wire. 

= With Mersilene sutures there is a reduced risk of cut- 
ting out in thin bone of poor quality. 

After this, purchase of two wires is made to the posterior 

elements of most caudal vertebra on each side of the 

midline by sublaminar wiring. 

Suitable grafts on either side are then secured to the oc- 

ciput and lamina of the most caudal vertebra by wires. 

=" The stability of the grafts is checked under radi- 
ographic control and the wires are then crimped and 
cut (TECH FIG 2B,C). 

Adjustments are made by flexion-extension of the halo 

frame, contouring of the graft, and appropriate tighten- 

ing of the wire. 

=" Intraoperative radiographs are obtained to confirm 
acceptable reduction, alignment, and placement of 
the graft. 

For both techniques, morcellized autograft is packed 

into the arthrodesis site. The wound is closed in layers. 

The halo vest is worn for 8 to 12 weeks after both tech- 

niques to maintain postoperative stability (TECH FIG 

2D,E). 
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POSTERIOR C1-C2 ARTHRODESIS 


The preoperative planning is similar to that for the occip- 
itocervical arthrodesis described earlier in the section. 


Gallie Technique 


After exposing the posterior arch of the atlas and spin- 
ous process of the axis, the two free ends of a single 16- 
or 18-gauge wire are passed beneath the posterior arch 
of the atlas from a superior-to-inferior direction.'° 
The free ends are passed beneath the posterior arch and 
are brought around superiorly to loop on themselves. 
A rectangular corticocancellous autograft is harvested 
from the posterior iliac spine. 
=" A notch is created at the distal part of the graft. This 
part will be placed across the spinous process of the axis. 
The notched graft is placed between the posterior portion 
of the arch of C1 and the posterior spinous process of C2. 
Now the free ends of the looped wire are brought down 
over the graft and passed below the spinous process. 
The free ends of the wire are tightened and twisted over 
the graft (TECH FIG 3). 





TECH FIG 3 « Gallie technique for atlantoaxial arthrodesis. 





TECH FIG 2 « A. Adequate rib is exposed and 
harvested. B. Rib graft is placed and fixed 
with braided cables and #5 Mersilene suture. 
C. Schematic drawing showing the rib graft 
fixed with wire. D,E. A 5-year-old-boy immo- 
bilized with a halo vest postoperatively. 
(C: Adapted from Cohen MW, Drummond DS, 
Flynn JM, et al. A technique of occipitocervi- 
cal arthrodesis in children using autologous 
rib grafts. Spine 2001;26:825-829.) 


Morcellized bone grafts may be packed into the fusion 
area to add additional support. 

Intraoperative fluoroscopy is necessary to check for satis- 
factory reduction and alignment of C1-C2. 


Mah Modified Gallie Technique 


In 1989, Mah described a modification of the Gallie 
technique. '7 

All the steps of the Mah technique are similar to the 
Gallie technique, except that a threaded Kirschner wire is 
placed through the spinous process of the C2 and both 
ends of the Kirschner wire are cut, leaving about 2.5 cm 
of the total wire. 

The free ends of the looped wire are brought down 
below the free ends of the threaded Kirschner wire 
(TECH FIG 4). 

The free ends of the wire are tightened, secured, and 
crimped over the graft. 





TECH FIG 4 e Mah modified Gallie technique for atlantoaxial 
arthrodesis. 
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Brooks Technique 


= A standard posterior midline incision is used to expose 
the posterior arch of C1 and the lamina of C2." 

= Two sublaminar wires are passed under both C1 and C2 
laminas, one on each side of the midline. 

= Unlike the Gallie technique, two separate corticocancel- 
lous grafts are required in this technique. A single rec- 
tangular iliac crest graft is harvested; it can be separated 
into two equal parts. 

= Each iliac crest graft is cut into a trapezoid-like shape 
(one end is narrower than the other) so that they can 
be wedged between the C1 and C2 posterior arches 
(TECH FIG 5A). 

= The grafts are snugly wedged into place. The wires are 
then tightened around the grafts, twisted, and cut 
(TECH FIG 5B). 





TECH FIG 5 ®« Brooks arthrodesis. A. Lateral view demonstrating a 
wedge-shaped graft between the spinous processes to prevent hyperex- 
tension. The graft is shaped so that one end is narrower than the other 
to achieve a good fit. B. The grafts are snugly wedged between the C1 
and C2 posterior arches, and the wires are tightened around the grafts. 








PEARLS AND PITFALLS 





Approach = Excessive lateral dissection should be avoided so as not to damage the vertebral arteries and 
major venous junctions. 
= In the case of an open posterior arch, meticulous and blunt dissection should be used to keep 
from injuring the dura mater and the cord. 
= Excessive dissection and extended dissection time are avoided. 
= This may increase the risk of inadvertent extension of the fusion mass. 


Occipitocervical arthrodesis = This technique is associated with stable internal fixation and high fusion rates.”7° 
with iliac graft technique 
Occipitocervical arthrodesis = A large occipitocervical segment can be spanned. 
with rib graft technique = Rib grafts can be shaped easily because of their elastic structure. 

= This technique is best for infants, small children, or patients with an abnormally shaped skull. 
C1-C2 arthrodesis with = This procedure is more suitable in older children who have a competent spinous process. 
Gallie technique = |t is not always necessary to pass wire or cable underneath the lamina of the axis. 


= This technique provides good stability in flexion and extension but may be insufficient in rota- 
tional maneuvers. 


C1-C2 arthrodesis with = The wire can securely hold behind an insufficiently ossified spinous process with the help of a 

Mah modification transverse Kirschner wire. 

C1-C2 arthrodesis with = This technique provides more rotational stability than the Gallie technique. 

Brooks technique = Disadvantages include the need to pass bilateral sublaminar cables beneath both C1 and C2. 
POSTOPERATIVE CARE =" When a bony union is documented radiographically, the 


halo device is removed. 
" Patients can gradually return their daily activities. 
= Special care should be taken to avoid excessive flexion or 
extension of the neck. 
= Long-term follow-up is necessary for evaluation of potentially 
progressing junctional instability below the level of fusion. 
" The additional stress placed on the adjacent vertebrae 
below the level of fusion may result in instability with time.® 


= Postoperative management includes halo vest immobiliza- 
tion for 8 to 12 weeks. 
" Using a standardized method of halo application reduces 
the rate of complications associated with halo use in children.° 
" The rate of pin-track infection with prolonged use of a 
halo device in children is similar to that in adults. Particular 
care should be taken to keep the pin-track sites clean.° 
Short-term antibiotic treatment is usually satisfactory 
in decreasing inflammation at the pin site. 
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OUTCOMES 


The senior author (JPD) presented results of the CHOP 


technique for occipitocervical arthrodesis in 38 children with 


more than 2 years of follow-up. 


20 


" Thirty-four patients were treated with iliac crest autograft 
and posterior wiring, or with rib autograft and posterior 
wiring, and the remaining four with Luque contoured rod 
and autograft. 

" Thirty-four patients had bony union, three patients had fi- 
brous union, and one patient had nonunion. 

Ninety-seven percent of the patients (37 children) showed 


baseline or improved neurologic status at the most recent 
follow-up. 


Complications included: 

" Superficial infection treated with oral antibiotics (three 
patients) 

= Postoperative pneumonia (one patient) 

" Pin-tract infection: most of the patients treated with a halo 
ring had superficial pin-site infection. All but two patients 
were treated with oral antibiotics. One patient required intra- 
venous antibiotics and the other required a pin change. 

In 11 patients (29%), we had a distal extension of the fusion 


mass, seven patients had fusion at one additional level, and 
four patients had fusion at two additional levels. 


COMPLICATIONS 


Graft or wire breakage 

Nonunion, insufficient fusion 

Additional fusion levels and loss of motion 
Junctional instability distal to the fusion mass 
Infection 

=" Deep wound infection 

" Meningitis 

" Pin-tract infections (halo) 

Neurologic injury 

Donor site morbidity 
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Posterior Exposure of the 
Thoracic and Lumbar Spine 


James T. Guille and Reginald S. Fayssoux 


DEFINITION 


= Scoliosis is a three-dimensional deformity of the spine and 
rib cage. 

=" The hallmark of scoliotic spines is curvature in the coronal 
plane along with abnormal curvature in the sagittal plane (eg, 
lordoscoliosis in adolescent idiopathic scoliosis) as well as ab- 
normal vertebral rotation in the transverse plane. 

= A Cobb angle measurement of greater than 10 degrees dis- 
tinguishes minor spine asymmetry from true scoliosis. 

=" The posterior approach to the thoracic and lumbar spine 
takes advantage of the segmental innervation of the posterior 
spinal musculature to obtain an internervous and intermuscu- 
lar plane to provide access to the posterior elements of the 
spine. 

= The posterior approach is the most commonly used route 
for spinal fusion and instrumentation in the scoliotic spine. 


ANATOMY 


=" Surface landmarks in the prone position: 
" The vertebra prominens (C7) is typically the most promi- 
nent bony structure palpated at the base of the neck. 
" The superior angle of the scapula is at the level of the T3 
spinous process. 
= The scapular spine is at the level of the [4 spinous process. 
" The inferior angle of the scapula is at the level of the T7 
spinous process. 
= With the patient in the prone position, the iliac crests are 
palpated with the fingers and the thumbs brought together at 
the midline, where they typically overlie the L4—5 interspace. 
" The posterior superior iliac spines are at the level of the 
LS-S1 interspace. 
= Posterior spinal musculature is divided into superficial and 
deep layers. The superficial layer, also known as the erector 
spinae, is composed of the iliocostalis, longissimus, and 
sacrospinalis muscles. The deep layer consists of the short ro- 
tators (multifidus and rotatores) as well as the intertransver- 
sarii and interspinous muscles (FIG 1A,B). 
= Segmental innervation of spinal musculature 
" Provided by the dorsal rami of the thoracolumbar nerve 
roots 
= Segmental blood supply 
" The posterior intercostal arteries branch from the aorta 
and subsequently send a dorsal branch posteriorly to the 
spinal musculature. On its way past the neural foramina, the 
spinal artery branches off and is sent through the foramina. 
The spinal artery then divides into anterior and posterior 
radicular branches within the spinal canal, ultimately sup- 
plying the anterior and posterior spinal arteries. Care should 
be taken to cauterize the branches that lie adjacent to the 
lateral aspect of the facet (FIG 1C). 
= In the scoliotic spine there is rotation of the vertebral bodies 
in the transverse plane with the spinous processes rotating to- 
ward the concavity of the curve. 


= In the scoliotic spine, the pedicles on the concave side are 
shorter and have a smaller diameter.° 

= In scoliosis, the dural sac hugs the concavity of the spinal 
canal* and the aorta is posterolateral to its normal position.* 


PATHOGENESIS 


" Idiopathic 

=" Congenital 
" Failure of formation or segmentation of vertebral precur- 
sors leading to asymmetric vertebral growth with subse- 
quent abnormal curvature 

=" Neuromuscular 
" Variety of etiologies, such as cerebral palsy, muscular dys- 
trophy, polio, spinal muscular atrophy, and myelomeningocele 
= Related to an inability to provide muscular support to the 
spinal column 


NATURAL HISTORY 
Idiopathic 
=" Infantile (0 to 3 years of age) 

" Less than 1% of all cases of idiopathic scoliosis 

= More common in boys 

" Left thoracic curves predominate 

= Most resolve spontaneously 
= Juvenile (3 to 10 years of age) 

" 8% to 16% of all cases of idiopathic scoliosis 

" More even female:male ratio 

" Bracing may correct some curves 

" Curves of more than 30 degrees usually progress to surgery 
= Adolescent (10 to 18 years of age) 

" Most common form of idiopathic scoliosis 

" Etiology and pathogenesis are not well understood 
= Family history is positive in 30% of cases but does not pre- 
dict curve magnitude or progression. 
=" More common in girls. The female:male ratio is 1.4:1 for 
curves 11 to 20 degrees and increases to 5:1 for curves greater 
than 20 degrees. 
= Curves have the greatest chance of progression in the period 
of peak growth velocity leading up to skeletal maturity (prior 
to menses in females), after which the potential decreases 
significantly.’ 
= Scoliotic curves measuring less than 20 degrees are at lower 
risk for progression. 
=" Scoliotic curves measuring greater than 50 degrees are at 
higher risk for further progression during adult life (with a 
percentage of these progressing at a rate of about one degree 
per year).” 
= There are no significant differences in the prevalence of back 
pain between adults with scoliotic spines and the general pop- 
ulation.”'° 
=" Scoliotic curves measuring greater than 100 degrees have an 
increased prevalence of cardiopulmonary compromise (eg, cor 
pulmonale, restrictive lung disease).° 
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FIG 1° A,B. Cross sections of paraspinal musculature. 

C. Overview at the level of the lumbar spine. The segmental 

artery courses posteriorly, adjacent to the vertebral body to- 
ward the posterior spinal musculature. On passing the neural 
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= Severity of deformity related to type and location of anomaly 
= Highest chance of curve progression with unilateral unseg- 
mented bar with contralateral hemivertebrae (nearly 100%), 
followed by a lone unilateral unsegmented bar, double convex 
hemivertebrae, single convex hemivertebrae, and finally the 
block vertebrae? 


Neuromuscular 


= Most curves are progressive and are more difficult to man- 
age nonoperatively. 

=" Curves can cause pelvic obliquity and sitting problems in 
nonambulatory individuals. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Complete history, including age at onset, timing of growth 
spurts, menses, presence of pain, family history of scoliosis, 
nerve, or muscle diseases 

= A complete examination is important to obtain a diagnosis 
because certain etiologies can predispose the patient to in- 
creased operative risk (eg, cardiac abnormalities in patients 
with Marfan syndrome). 


foramen, the vessel sends a branch through the neural fora- 
men to supply the spinal cord. The vessel continues toward 
the posterior spinal musculature arising between the trans- 
verse processes during the surgical approach where it is prone 
to bleed. 


=" The skin is inspected for café-au-lait spots, the axilla for 
freckling, and the lumbosacral area for sinus tracts, hairy 
patches, or dimples. Axillary freckling and multiple café-au- 
lait spots are associated with neurofibromatosis. Sinus tracts, 
hairy patches, or dimples in the lumbosacral area are associ- 
ated with intraspinal anomaly. 

= The Adams forward bending test detects curvatures by phys- 
ical examination. Abnormalities in vertebral rotation become 
apparent as an asymmetrical rib hump, prominence, or full- 
ness, leading to possible identification of patients at risk for 
having scoliosis. 

=" Any shoulder or scapular asymmetry is noted. It is impor- 
tant to point out to parents that this is not always corrected by 
surgery. 

= Pelvic obliquity can indicate a possible leg-length discrep- 
ancy that can mimic a lumbar scoliosis. 

=" Trunk shift and sagittal profile are noted; these indicate 
coronal balance and sagittal balance, respectively. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Plain radiographs, including standing posteroanterior (PA) 
and lateral views of the entire spine, should be obtained to 
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FIG 2 ° Risser staging system. Ossification proceeds from the 
anterior superior iliac spine to the posterior superior iliac spine. 


determine the degree of scoliosis, to identify any skeletal abnor- 

malities (eg, hemivertebra), and to evaluate overall alignment. 
= PA views are obtained to decrease exposure of sensitive 
breast tissue to ionizing radiation in girls. 
" Side-bending supine views of the thoracolumbar spine are 
useful to determine the flexibility of the primary and sec- 
ondary curves. This information is useful during preopera- 
tive planning in choosing fusion levels and determining the 
approach. 

= Risser staging system for gauging skeletal maturity (FIG 2) 
" Ossification of the iliac apophyses proceeds along the iliac 
crest from the anterior superior iliac spine to the posterior 
superior iliac spine. When ossification is complete, fusion of 
the apophysis to the iliac crest occurs. 

~ Risser 0 = no ossification 

~ Risser 1 = 25% excursion 

~ Risser 2 = 50% excursion 

~ Risser 3 = 75% excursion 

~ Risser 4 = 100% excursion 

~ Risser 5 = fusion of iliac apophysis to the iliac crest 

= In girls, the end of spinal growth corresponds to Risser 

stage 4. 
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" In boys, spinal growth can occur after Risser stage 4 and 
is less well defined. 
=" MRI should be obtained for patients with an onset before age 
10 years, left thoracic curves, kyphoscoliotic curves, or rapidly 
progressive curves; patients with moderate to severe back pain; 
patients with congenital or neuromuscular scoliosis; and pa- 
tients with abnormal findings on the physical examination. 


DIFFERENTIAL DIAGNOSIS 


= Scoliosis 
" Idiopathic 
= Congenital 
" Neuromuscular 
=" Limb-length discrepancy 
=" Osteoid osteoma 
= Sprengel deformity 


NONOPERATIVE MANAGEMENT 


=" Observation for progression for curves of 0 to 20 degrees. 
Patients are followed with serial clinical and radiographic 
examinations. 

= Bracing for progressive curves of 20 to 40 degrees if the pa- 
tient is skeletally immature. Braces cannot correct curves; their 
purpose is to prevent curve progression. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= Preoperative radiographs with supine side-bending films are 
obtained to determine fusion levels according to the Lenke 
criteria. 
=" Cobb angles (FIG 3A) 
" Quantitates the degree of curvature 
=" Method 
- Determine apex of curve to be measured. 
~ Select the most tilted vertebra above the apex of the curve 
and draw a line along the top of the vertebral endplate. 
~ Select the most tilted vertebra below the apex of the curve 
and draw a line along the bottom of the vertebral endplate. 


FIG 3 e A. Cobb angle is a quantitative 
measure of the coronal curvature. 
Lines parallel to the vertebral end- 
plates of the end vertebrae are drawn. 
Perpendiculars to these two lines are 
drawn. The angle subtended is the 
Cobb angle. B. Center sacral vertical 
line (CSVL) is the vertical line in a PA 
radiograph that passes through the 
center of the sacrum, identified by 
suitable landmarks, preferably on the 
first sacral segment (SRS terminology). 
The vertebra most closely bisected 

by the CSVL is considered the stable 
vertebra. 
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Drop perpendicular lines to these previous two lines. 
The angle subtended by the two lines is the Cobb angle. 
The intraobserver intrinsic error in Cobb angle measure- 
ments is about 5%; interobserver validity is about 7%.* 
=" Center sacral vertical line (FIG 3B) 
= Used to help determine distal extent of fusion 
= The vertebral body most closely bisected by the center 
sacral line is the stable vertebra. 
" Fusion is usually extended to the stable vertebra or the 
one immediately cephalad. 
Positioning 
= Patient is intubated in the supine position on the stretcher. 
=" Neurologic monitoring leads are placed cranially, on the inter- 
costal and abdominal musculature, and on all four extremities. 
=" Multiple large-bore intravenous access is obtained for fluid 
management and an arterial line is placed for intraoperative 
blood pressure monitoring. 
= The patient is transferred to the prone position on a well- 
padded operating room table such as a Jackson frame 
(Orthopaedic Systems, Union City, CA). 
=" Care should be given to the degree of hip flexion—extension, 
as this can affect the amount of lordosis in the lumbar spine. 
=" Bolsters underneath the chest and anterior superior iliac 
spines prevent abdominal compression and allow epidural ve- 
nous return, thus decreasing epidural bleeding. 


INCISION 


= A Bovie electrocautery cord is centered over the back 





using the vertebra prominens and the gluteal crease, and 
the line for the straight midline back incision is marked 
(TECH FIG 1A). 

Bupivacaine (0.25%) with 1:200,000 epinephrine may be 
injected along the course of the incision for local anes- 
thesia and hemostasis (TECH FIG 1B). 





FIG 4 e Patient positioning. All bony prominences are well 
padded. Note the positioning of the upper extremities. 


= All bony prominences are well padded, including medial el- 
bows, knees, pretibial areas, and ankles. 

=" Care is taken to avoid abduction and forward flexion past 
90 degrees at the shoulder and flexion past 90 degrees at the 
elbow (FIG 4). 

= Skin is shaved if excessively hairy. 

=" Clear adhesive surgical drapes (3M Steri-Drape Towel 
Drapes) are placed around the perimeter of the surgical site, ex- 
tending from the hairline to the top of the gluteal crease (regard- 
less of levels to be fused, the entire spine should be draped). 

= If a wake-up test is going to be used by the surgical team, a 
clear plastic C-arm cover or equivalent clear drape is laid over 
the exposed feet for visualization during the test. 

=" A disposable plastic ruler used for measuring the pedicle 
probe for pedicle depth is placed caudal to the field on the but- 
tocks and covered with a clear Tegaderm dressing. 





= — The skin is sharply incised with a no. 10 blade scalpel and 
electrocautery is then used to dissect through the subcu- 
taneous fat until the thoracolumbar fascia is reached. 

= Weitlaner retractors are placed. 
The spinous processes are identified via palpation 
(TECH FIG 1C). 





TECH FIG 1 © A. Bovie electrocautery cord centered over 
back using vertebra prominens and gluteal crease as 
cephalad and caudal landmarks. B. Mixture of local anes- 
thetic and epinephrine being injected along the course of 
incision. C. Spinous process identified via palpation after 
dissection down to the thoracodorsal fascia. (continued) 
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TECH FIG 1 e (continued) D. Splitting of 
the spinous process apophysis with 
electrocautery. E. Dissection at three 
adjacent spinous processes. F. Dissection 
at three adjacent spinous processes 


connected. 
m Electrocautery is used to dissect through the thoraco- =" This proceeds throughout the extent of the incision. 
lumbar fascia at the tips of adjacent spinous processes ™ Care is taken at the cephalad and caudal aspects of the 
(TECH FIG 1D,E). dissection to leave the interspinous ligaments intact. 


= These incisions are connected (TECH FIG 1F). 





SUBPERIOSTEAL DISSECTION 


Dissection then proceeds subperiosteally. 


In the thoracic spine, dissection proceeds until the tip of 


In skeletally immature individuals, the apophyses of the the transverse process is fully exposed. 

spinous processes are further dissected with a Cobb #® In the lumbar spine, dissection proceeds until the facet 

elevator (TECH FIG 2A). joint, pars interarticularis, and transverse process are 
= Electrocautery is used to advance the dissection deep exposed. 


along the spinous processes until the laminae are reached #® At this point the spine is instrumented. 
and the retractors are repositioned (TECH FIG 2B). 





TECH FIG 2 « A. Further dissection of spinous process apophysis with a Cobb elevator. B. Dissection is advanced down to the laminae. 
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CLOSURE 


At our institution, before closure the wound is assessed 
for any frank bleeding vessels and bone graft is placed. 
Drains are placed for wounds considered at risk for 


hematoma formation. 


(no. 1 Vicryl). The goal is a watertight closure. 





PEARLS AND PITFALLS 


= Fascia is closed with figure 8 braided absorbable suture 


= Subcutaneous layers are closed with interrupted braided 


absorbable suture (no. 0 and 2-0 Vicryl). The goal is to 
decrease wound tension. 

= — Skin is closed with a running single filament absorbable 
(3-0 Monocryl). The goal is cosmetic closure. 

= Skin closure is reinforced with 1-inch Steri-Strips and 
surgical adhesive (Mastisol Liquid Adhesive). 

=m Sterile compression dressings are applied to decrease the 
risk of postoperative hematoma. 





Decreasing blood loss 
= Subperiosteal dissection 


= Bovie electrocautery on high power 
= Traction with self-retaining retractors 


= Topical thrombin (FloSeal) 


# Injection of skin with bupivacaine and epinephrine mixture 


= Mean arterial pressure is 60 to 70 mm Hg during exposure but is increased to more than 70 mm Hg 
during correction to maintain spinal cord perfusion 


Determining vertebral 
level intraoperatively 


® First pedicle screw is placed in area known to be within planned levels. Fluoroscopic image intensification 
can then be used to determine level. This eliminates confusion associated with determination of level 


on radiograph taken with a hemostat on the spinous process. 


Exposure 


POSTOPERATIVE CARE 


=" No postoperative immobilization is required with multiseg- 
mental constructs. 

= Postoperative restrictions include limitations with lifting, 
bending, and twisting. 

=" It is important to maintain mean arterial blood pressure 
above 70 mm Hg overnight and hemoglobin above 10 g/dL to 
maintain spinal cord perfusion. 

= Intravenous antibiotics are maintained for 48 hours post- 
operatively. 

= Neurovascular checks are made every 2 hours for the first 8 
hours, then every 8 hours. 

= Patients are out of bed on postoperative day 1. 

=" The Foley catheter is removed on postoperative day 2. 

= Diet is advanced as tolerated. 

= Patient-controlled analgesia is used for appropriate patients. 
Continuous narcotic infusion with demand for the first 24 
hours is followed by demand only for the next 24 hours, fol- 
lowed by oral pain medications when tolerating diet. 

= A 4-day hospital course is typical. 

=" Routine follow-up is done at 1, 3, and 6 months and at 1, 2, 
and 5 years. 

= Activity is increased based on the degree of fusion. 


OUTCOMES 


=" With meticulous attention to detail with regard to instrumen- 
tation and fusion techniques, excellent outcomes in terms of 
straightening and fusion of the scoliotic spine can be expected. 
=" Long-term outcomes are variable and depend on the under- 
lying diagnosis and the extent of retained spinal mobility. 


COMPLICATIONS 


= Early or late infection: less than 5% 
=" Wound dehiscence 


=" Neuromuscular blockade during exposure allows for ease of retraction of paralyzed spinal musculature. 


=" Hematoma 
= Instrumentation failure 
=" Pseudarthrosis: 1% to 12% depending on type of fusion and 
method of diagnosis 
=" Neurologic injury 
" Spinal cord injuries: consider initiating steroid protocol 
" Nerve root injuries 
=" Wrong-level surgery 
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Chapter 57 


DEFINITION 


=" Reduction of scoliotic spinal deformity via posterior spinal 
fusion with instrumentation allows for improvement of the 
cosmetic appearance of the child or adolescent with scoliosis 
and prevents curve progression. The goal is to balance these 
advantages with the inherent risks of instrumentation and 
reduction maneuvers. 

= Instrumentation provides an internal construct holding the 
spine in its corrected position until spinal fusion is achieved 
(about 6 months) and obviates the need for postoperative 
immobilization. A Cobb angle measurement greater than 
10 degrees distinguishes minor spine asymmetry from true 
scoliosis. 

=" Segmental instrumentation with hooks and _ pedicle 
screws provides multiple fixation points, allowing for three- 
dimensional correction of the scoliotic spine. 

= Instrumentation is introduced after posterior exposure of 
the thoracic or lumbar spine (see Chap. PE-56). 


ANATOMY 


= A thorough knowledge of scoliotic spinal anatomy is critical 
for the safe placement of instrumentation. 
= In the scoliotic spine there is rotation of the vertebral bodies 
in the transverse plane, with the spinous processes rotating 
toward the concavity of the curve. 
= Anatomy of the posterior elements 
" In the scoliotic spine, the pedicles on the concave side are 
narrower than those on the convexity, especially at the apex 
of the curve (FIG 1A).‘2 
" The intervertebral foramina in the thoracic spine are 
larger and deeper than in any other region of the spine, with 
the exiting nerve root occupying less than 25% of the 
foramen and coursing through its midportion. 
" Lumbar nerve roots pass adjacent to the inferomedial 
aspect of the pedicle and lie superior within the foramina. 
=" Scoliotic deformity affects not only the bony anatomy but 
also the relationship of the spine to the adjacent soft tissue 
elements. 
" The aorta is posterolateral to its normal position, putting 
it at risk for injury with left-sided lateral pedicular breaches 
(FIG 1B). 
" The spinal cord hugs the concavity of the curve such that 
the width of the epidural space is less than 1 mm at the 
thoracic apical vertebral levels on the concave side; it is 3 to 
5 mm on the convex side.* 


Thoracic Spine Anatomy 


= The thoracic facets are more coronally oriented in compari- 
son to the more sagittally oriented lumbar facets. 
= Pedicle anatomy for placement of pedicle screws 


Segmental Hook and Pedicle 
Screw Instrumentation for 
Scoliosis 


ee ee ee ee eee eee >> 
James T. Guille and Reginald S. Fayssoux 


= Dimensions 
~ In scoliotic spines, average thoracic pedicle length 
(distance from the posterior cortical starting point to the 
posterior longitudinal ligament in line with the axis of 
the pedicle) is 16 to 22 mm. 
~ Average thoracic cord length (distance from the poste- 
rior cortical starting point to the anterior vertebral cortex 
in line with the axis of the pedicle) is 34 to 52 mm; it is 
typically greater on the concavity. 

= Coronal anatomy 
~ In the scoliotic spine, the medial wall is two to three 
times thicker than the lateral wall at all thoracic levels. 
This may be why most screw-related pedicle fractures 
occur laterally. 


Concave Convex 





Normal 





FIG 1 © A. Comparison of a normal thoracic vertebra on the left 
and a scoliotic thoracic vertebra on the right. Note the narrowed 
concave pedicle on the scoliotic vertebra. B. Thoracic-level axial 
magnetic resonance imaging in a patient with a right thoracic 
scoliotic curve. Note the posterolateral position of the aorta. 

(B: From Sucato DJ, Duchene C. The position of the aorta 
relative to the spine: a comparison of patients with and without 
idiopathic scoliosis. J Bone Joint Surg Am 2003;85A:1461-1469. 
Reprinted with permission from The Journal of Bone and 

Joint Surgery, Inc.) 
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- The coronal anatomy of the thoracic pedicle varies, 
moving from anterior to posterior. The likelihood of pedi- 
cle wall breach is greatest midway between the lamina 
and body with placement of screws. 
- Pedicle width decreases from T1 to 14 and then gradu- 
ally increases to 112, while pedicle height and length tend 
to increase from T1 to T12. 
Main pedicle diameter is 4 to 6 mm in thoracic scol- 
10SIs. 
Endosteal pedicle width in the apical region of the tho- 
racic spine measures 2.5 to 4.2 mm on the concavity of 
the curve and 4.1 to 5.0 mm on the convexity of the curve. 
In the thoracic spine, transverse processes do not align 
with the pedicle in the axial plane: they are rostral to the 
pedicle in the upper thoracic spine and caudal to the pedi- 
cle in the lower thoracic spine (crossover occurs at I’6-7). 
Transverse orientation 

T12 pedicles are perpendicular to the floor in the trans- 
verse plane. 

_ T1 pedicles subtend an angle of about 25 to 30 degrees 
with the midline in the transverse plane. 

' Thoracic pedicles progressively angle outward in the 
transverse plane, proceeding superiorly from [12 to T1. 
Thoracic pedicle screw starting points 

As one proceeds proximally from T12 there is a trend 
toward a more medial and cephalad pedicle starting point 
as one proceeds to the apex of the thoracic spine (FIG 2 
and Table 1). 

This then transitions to a trend toward a more lateral 
and caudal pedicle starting point as one proceeds proxi- 
mally from the apex. 





FIG 2 © Thoracic vertebrae starting points (see Table 1). 


Thoracic Pedicle Screw 
Starting Points 


Level Cephalad-Caudad Medial-Lateral 
Starting Points Starting Points 

T1 Midpoint TP Junction TP and lamina 

T2 Midpoint TP Junction TP and lamina 

T3 Midpoint TP Junction TP and lamina 

T4 Junction between proximal Junction TP and lamina 
third and midpoint TP 

T5 Proximal third TP Junction TP and lamina 

T6 Junction of proximal edge Junction TP and lamina 
and proximal third TP and facet 

T7 Proximal TP Midpoint facet 

T8 Proximal TP Midpoint facet 

T9 Proximal TP Midpoint facet 

T10 Junction of proximal edge Junction TP and lamina 
and proximal third TP and facet 

T11 Proximal third TP Just medial to pars 

T12 Midpoint TP At level of lateral pars 


TP, thoracic pedicle. 


Lumbar Spine Anatomy 


=" The lumbar vertebral facets are more sagittally oriented in 
comparison to thoracic vertebral facets. 
= Pedicles 


Dimensions 

~ In scoliotic spines, average lumbar pedicle length is 20 to 
22 mm. 

~ Average lumbar cord length is 45 to 48 mm. 

Coronal anatomy 

_ Average lumbar endosteal pedicle width is 4.8 to 9.5 mm. 
- The larger size of the lumbar pedicles increases the like- 
lihood of optimal placement of pedicle screws. 
Transverse orientation 

- 1 pedicles are perpendicular to the floor in the trans- 
verse plane. 

LS pedicles subtend an angle of about 25 to 30 degrees 
with the midline in the transverse plane. 

~ Lumbar pedicles progressively angle outward in the 
transverse plane, proceeding inferiorly from L1 to LS. 
Lumbar pedicle screw starting points 

- The long axis of the pedicle pierces the lamina at the 
intersection of two lines: a vertical line tangential to the 
lateral border of the superior articular process, and a 
horizontal line bisecting the transverse process (FIG 3), 

_ The point of intersection for these two lines lies in the 
angle between the superior articular process and the base 
of the transverse process. 


=" Dangers 


Medial pedicular breaches endanger the dural sac, 


especially on the concavity of the curve. 


Inferior pedicular breaches endanger the nerve root, espe- 


cially in the lumbar spine. 


Advancement of pedicle screws following a lateral pedic- 


ular breach on the left can endanger the lung, segmental ves- 


sels, 


and sympathetic chain (T4-T12) and the aorta 


(TS-T10). 
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FIG 3 e Lumbar vertebrae starting points. 


=" Advancement of pedicle screws following a lateral pedic- 
ular breach on the right can endanger the lung, segmental 
vessels, sympathetic chain, and azygous vein (TS—IT11). 

= Advancement of pedicle screws following a breach of the 
anterior cortex on the right can endanger the superior inter- 
costal vessels (T4—1'5), the esophagus (T4—-T9), the azygous 
vein (I15—T'11), the inferior vena cava (T11-112), and the 
thoracic duct (T4-T12). 

=" Advancement of pedicle screws following a breach of the 
anterior cortex on the left can endanger the esophagus 


(T4-T9) and the aorta (TS—T12). 


PATHOGENESIS, NATURAL HISTORY, 
AND PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= See Chapter PE-56, Posterior Exposure of the Thoracic and 
Lumbar Spine. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Placement of a pedicle screw at the thoracolumbar junction 
followed by intraoperative fluoroscopic imaging accurately 
identifies vertebral level. 
=" With use of intraoperative fluoroscopic imaging guidance, 
knowledge of anatomy remains critical in order to orient the 
intensifier to obtain the best coronal images of the pedicles. 
=" Radiographic criteria used to evaluate accurate screw 
placement 
" Harmonious segmental change of the tips of the pedicle 
screws on the posteroanterior (PA) radiograph 
=" No crossing of the medial pedicle wall by the tip of the 
pedicle screw with reference to vertebral rotation on the PA 
radiograph 
=" No violation of the imaginary midline of the vertebral 
body by the tip of the pedicle screw on the PA radiograph 


" No breach of the anterior cortex of the vertebral body on 
the lateral radiograph 


DIFFERENTIAL DIAGNOSIS 


= Scoliosis 
" Idiopathic 
" Congenital 
= Neuromuscular 
=" Limb-length discrepancy 
=" QOsteoid osteoma 
= Sprengel deformity 


NONOPERATIVE MANAGEMENT 


=" Observation for progression for curves of 0 to 20 degrees. 
Patients are followed with serial clinical and radiographic 
examinations. 

=" Bracing for progressive curves of 20 to 40 degrees if the 
patient is skeletally immature. Braces are unable to correct 
curves; their purpose is to prevent curve progression. 


SURGICAL MANAGEMENT 
Preoperative Planning 


= PA and lateral radiographic views of the entire spine. 

=" Supine bending radiographs may show pedicles not visible 
on the PA view. 

=" Convex apical pedicles greater than 5 mm in diameter on 
the PA radiographs are large enough to accommodate pedicle 
screw placement. 

= Computed tomographic (CT) imaging can be used to evalu- 
ate pedicle morphology, with images oriented perpendicular to 
the plane of the vertebrae. 

= Fusion levels are chosen based on the Lenke criteria. 


Hook Placement 


= Advantages 
= Technically easier, especially at levels with small pedicles 
(apical concave pedicles) 
= Less operative time 
= Disadvantages 
" Increased canal intrusion in comparison to pedicular 
fixation 
" Lack of three-column fixation 
" Decreased ability to perform correctional derotational 
maneuvers 
= Types of hooks 
" Laminar hooks: should be used with caution in the neu- 
rologically intact patient 
~ Thoracic laminar hooks: downgoing sloped hooks 
~ Lumbar laminar hooks: upgoing or downgoing C- 
shaped hooks 
= Thoracic transverse process hooks: downgoing C-shaped 
hooks 
" Thoracic pedicle hooks: upgoing claw-tip hooks placed 
under the lamina 
" Offset hooks: offset laterally to lie in line with pedicle 
screws for use in hybrid constructs 
=" Hook patterns for an isolated thoracic curve 
" Concave side 
~ Upgoing pedicle hook on upper end and upper interme- 
diate vertebrae 





my 392 


Section VII SPINE 


Downgoing laminar hook on lower end and lower 
intermediate vertebra 

=" Convex side 

Claw construct at upper end vertebrae. 

Downgoing transverse process hook with upgoing pedi- 
cle hook at the same level or next-distal level. Splitting the 
claw over two levels (split claw) better resists rotational 
forces. 


Pedicle Screw Placement 


= Advantages 
" Pedicle screws have significantly higher axial pullout 
strengths than supralaminar hooks and pedicle hooks. 
" Better correction in the coronal and axial planes. 
=" Less decrease in pulmonary function than anterior 
surgery. 
No implants in the canal during the correction phase. 
Correction not gained by pure distraction. 
Fewer fusion levels. 
No crankshaft. 
Larger area for bone graft. 
Allows earlier postoperative activity. 
= Disadvantages 
= Steep learning curve. 
" Caudal or medial penetration can result in dural or neural 
injury. 
= Lateral penetration can cause vascular injury. 
" Increased operative time. 
= Costly procedures. 
= Complications 
" Suboptimal screw position 
More common in cases of severe deformity 
Perforation not uncommon (up to 40% of screws in 
some series) 
Lateral perforation more common than medial 
perforation 
Lowest containment rates in midthoracic spine 
(TS to T8) 
" Dural, neural, or vascular injuries occur infrequently. 
= Types of pedicle screws 
=" Monoaxial 
No motion between the screw and the screw head 
Can obtain axial correction of deformity 
= Uniaxial 
Motion between the screw and the screw head con- 
strained to one plane 
Can accommodate sagittal contours while retaining 
ability to obtain axial correction (derotation) 
" Polyaxial 
Multiaxial motion allowed between screw and screw 
head 
For accommodation of sagittal contours 
Can accommodate malalignment of the starting points 
in the coronal plane 
= Reduction screw 
Pedicle screw with breakaway extended tabs 
Useful for seating rod into pedicle screw for difficult 
reduction maneuvers 
=" Freehand placement of thoracic pedicle screws 
" The straightforward trajectory allows for fixed-head 
screws and true direct vertebral derotation. 


= Anatomic trajectory has a longer bone channel and allows 
a longer screw to be placed, but mandates the use of a 
multiaxial screw to connect it to the rod. 
" A straightforward trajectory paralleling the superior end- 
plate has significantly higher pullout strength versus an 
anatomic trajectory that angles about 22 degrees in the 
cephalocaudal direction perpendicular to the superior 
facet.’ 
" Extrapedicular thoracic pedicle screws 
Screw inserted at the junction of the cephalad tip of the 
transverse process and the rib with advancement caudad 
so that the screw is contained in the pedicle rib unit, de- 
fined as the space between the lateral pedicle cortex and 
medial rib cortex. 
Similar biomechanical fixation strength of transpedicu- 
lar screws. 
=" Confirmation of screw placement 
" Radiographic confirmation (see Imaging and Other 
Diagnostic Studies) 
" Neuromonitoring 
Electromyography to confirm intraosseous screw 
placement 
Somatosensory evoked potentials and motor evoked 
potentials 
= Postoperative CT scan routinely performed before patient 
leaves the hospital to confirm accurate screw placement 
Positioning 
= Patient is intubated in the supine position on the stretcher. 
=" Neurologic monitoring leads are placed cranially, on the 
intercostal and abdominal musculature, and on all four 
extremities. 
=" Multiple large-bore intravenous access is obtained for fluid 
management and an arterial line is placed for intraoperative 
blood pressure monitoring. 
=" The patient is transferred to the prone position on a 
well-padded operating room table such as a Jackson frame 
(Orthopaedic Systems, Union City, CA). 
=" Care should be given to the degree of hip flexion- 
extension, as this can affect the amount of lordosis in the 
lumbar spine. 
=" Bolsters underneath the chest and anterior superior iliac 
spines prevent abdominal compression and allow epidural ve- 
nous return, thus decreasing epidural bleeding. 
= All bony prominences are well padded, including medial el- 
bows, knees, pretibial areas, and ankles. 
=" Care is taken to avoid abduction and forward flexion past 
90 degrees at the shoulder and flexion past 90 degrees at the 
elbow. 
= Skin is shaved if excessively hairy. 
=" Clear adhesive surgical drapes (3M Steri-Drape Towel 
Drapes) are placed around the perimeter of the surgical site, 
extending from the hairline to the top of the gluteal crease (re- 
gardless of levels to be fused, the entire spine should be 
draped). 
= If a wake-up test is going to be used by the surgical team, a 
clear plastic C-arm cover or equivalent clear drape is laid over 
the exposed feet for visualization during the test. 
=" A disposable plastic ruler used for measuring the pedicle 
probe for pedicle depth is placed caudal to the field on the but- 
tocks and covered with a clear Tegaderm dressing. 
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For posterior exposure of the thoracic and lumbar spine for 


placement of instrumentation, refer to Chapter PE-56. 


HOOK PLACEMENT 


Proper hook-site preparation is critical to obtain a stable 
construct and minimize the chance of hardware failure. 
Ideally, hooks should be placed flush with the bony 
surfaces to evenly distribute forces and minimize the 
chance of hook pullout. This is accomplished by meticu- 
lous removal of the soft tissues and judicious contouring 
of the bony surfaces: removing too much bone can 
weaken hook purchase, whereas removing too little 
bone can result in improper seating of the hook. 


Pedicle Hooks 


Initial pedicle hook-site preparation requires removal of 
a small portion of the inferior facet with an osteotome 
(TECH FIG 1A,B). The inferior facet of the superior ver- 
tebra is osteotomized using an osteotome. A vertical cut 
is made at the medial edge of the facet, near the base of 
the spinous process. A horizontal cut in the inferior facet, 
allowing removal of 3 to 4mm of bone, follows for inser- 
tion of the pedicle hook. 

The exposed hyaline cartilage from the facet joint is re- 
moved. A pedicle finder is introduced into the facet joint 
and gently impacted into place with a mallet (TECH FIG 
1C,D). Care is taken to avoid canal penetration. 

The permanent pedicle hook is subsequently inserted 
(TECH FIG 1E,F). The surgeon must carefully visualize 
the facet joint and avoid inserting the pedicle hook into 


the laminae. If the lamina is split by the hook, fixation 
will be compromised. 


Laminar Hooks 


Laminar hooks are placed in a similar fashion but require 
great care because they are positioned in the spinal canal 
(TECH FIG 2A,B). 

To obtain entrance into the canal, the ligamentum 
flavum is carefully dissected from the laminae and com- 
pletely removed with curettes and rongeurs until the 
dura can be visualized. Small laminotomies are per- 
formed to allow room for hook insertion (TECH FIG 
2C,D). 

A hook starter is then used to create a path for the hook 
(TECH FIG 2E). The hook is then placed into the path cre- 
ated (TECH FIG 2F). 


Transverse Process Hooks 


Transverse process hooks do not require extensive bone 
removal but may require minimal contouring to optimize 
fit (TECH FIG 3A,B). 

The costotransverse ligaments on the superior side of the 
transverse process are divided with a periosteal elevator. 
The transverse process hook is seated around the trans- 
verse process (TECH FIG 3C,D). 





TECH FIG 1 e Placement of pedicle hook. A,B. A small portion of the inferior facet is osteotomized. C,D. Introduction of pedi- 
cle finder into facet joint, taking care to avoid canal penetration. E,F. Insertion of pedicle hook. 
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TECH FIG 2 e Placement of supralaminar hook. A,B. Placement of a supralaminar hook is difficult without bone removal to 
allow room for hook insertion. C,D. Placement of supralaminar hook. Laminotomies allow room for hook insertion. E. Path 
for hook created with hook starter. F. Insertion of supralaminar hook. 


TECH FIG 3 « A,B. Placement of transverse process hook. Contouring of the trans- 
verse process is required to optimize fit. C,D. Placement of transverse process 
hook. After contouring the transverse process, the transverse process hook is 
seated. 
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EXPOSURE FOR THORACIC PEDICLE SCREW PLACEMENT 


Full exposure of the facet joint, the pars interarticularis, 
and the entire transverse process aids in identification of 
the ideal starting point. 

Once the entire spine is exposed, each level is considered 
independently. The surgeon needs to visualize the local 
topical anatomy and the effects of the scoliosis on the 
anatomy (rotation). 

Bovie cautery is used to outline the osseous anatomy at 
each level. This first entails finding the medial and lateral 





border of the facet and the superior and inferior borders 
of the transverse process (TECH FIG 4A). 

The inferior facet of the superior vertebrae is os- 
teotomized using an osteotome at the medial edge of 
the facet (TECH FIG 4B) and at the inferior border of the 
superior transverse process (TECH FIG 4C). 

At this point, the facet joint should be fully exposed 
(TECH FIG 4D), thus facilitating identification of the 
starting point. 
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TECH FIG 4 e A. The medial and lateral borders of the facet joint are identified. 
B. The inferior facet of the superior vertebrae is osteotomized at its medial edge. 
C. The facet is osteotomized at the inferior border of the superior transverse 
process. D. Full exposure of the facet joint facilitates identification of the start- 
ing point. 





THORACIC PEDICLE SCREW PLACEMENT 


A 3.5-mm acorn-tipped burr is then used to create a hole 
at the desired starting point (see Thoracic Anatomy) 
(TECH FIG 5A). A cancellous blush often heralds entry 
into the pedicle but can be a false positive found on 
entry into the transverse process. 

A specialized thoracic probe with a 2-mm blunt tip and a 
35-mm curved segment with a rectangular cross section 
(Lenke probe) is used to create the tract for the pedicle 
screw. 

The probe is introduced into the starting point with the 
curvature oriented so the tip is pointed laterally to avoid 
medial pedicle cortical violation (TECH FIG 5B). 

The cancellous soft spot signifies entry into the pedicle. 
The probe is advanced using ventral pressure and axial 
rotation to a depth of about 15 to 20 mm (the length of 
the pedicle), using the appropriate orientation for the 
particular vertebral level (see Thoracic Pedicle 
Anatomy) and taking care to account for the scoliotic 
deformity. 


The probe is then removed and reintroduced into the pre- 
viously developed tract with the tip turned medial to avoid 
lateral vertebral body cortical violation (TECH FIG 5C). 
The probe is advanced to a depth appropriate for the 
particular vertebral level, taking care to avoid anterior 
and lateral cortical violation. 

Typical cord lengths (distance from posterior cortical 
starting point to anterior vertebral cortex in line with the 
axis of the pedicle): 

= Lower thoracic 40 to 45 mm 

= Midthoracic 35 to 40 mm 

= Upper thoracic 30 to 35 mm 

The tract is probed using a flexible sound and five dis- 
tinct bony borders are palpated: superior, inferior, me- 
dial, and lateral walls and the floor. 

The first 15 to 20 mm of the tract corresponds to the 
pedicle; its integrity should be critically assessed. 

The depth is measured with the flexible sound in the 
base of the tract using a hemostat (TECH FIG 5D). 
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The tract is tapped (TECH FIG 5E). Undertapping by 
1.0 mm creates a 93% increase in maximal screw inser- 
tion torque.° 

The tract is again probed for a breach with the aid of the 
feel of the tapped threads. 


Screw diameter is based on radiographic evaluation of 
pedicles. 

The screw is placed slowly to allow for viscoelastic expan- 
sion of the pedicle (TECH FIG 5F). 


TECH FIG 5 © A.A burr is placed at the correct starting point. B. After the cortex is breached, a curved probe is placed into 
the pedicle with the tip pointing laterally to minimize risk of medial pedicle breach and potential cord injury. C. After prob- 
ing past the pedicle, its tip is then turned to point medially to minimize risk of vertebral body cortical breach. D. After prob- 
ing the tract, the depth is measured. E. The tract is tapped. F. The pedicle screw is inserted. 





LUMBAR PEDICLE SCREW PLACEMENT 


= Full exposure of the facet joint, the pars interarticularis, previously developed tract with the tip turned medial to 
and a portion of the transverse process aids in identifica- avoid lateral vertebral body cortical violation. 
tion of the ideal starting point. = The probe is advanced to a depth appropriate for the 
= The facet joint is removed to obtain a flat surface before particular vertebral level, taking care to avoid anterior 
placing the pedicle screw. and lateral cortical violation. 
= A3.5-mm acorn-tipped burr is then used to create acor- "™ ~~ The tract is probed using a flexible sound and five dis- 
tical breach at the desired starting point. tinct bony borders are palpated: superior, inferior, me- 
=  Aspecialized probe with a blunt spatula tip and a 35-mm dial, and lateral walls and the floor. 
curved segment with a rectangular cross section (lumbar © The first 15 to 20 mm of the tract corresponds to the 
probe) is used to create the tract for the pedicle screw. pedicle; its integrity should be critically assessed. 
= The probe is introduced into the starting point with the ™ The depth is measured with the flexible sound in the 
curvature oriented so the tip is pointed laterally to avoid base of the tract using a hemostat. 
medial pedicle cortical violation. = The tract is tapped. Undertapping by 1.0 mm creates a 
= The cancellous soft spot signifies entry into the pedicle. 93% increase in maximal screw insertion torque.” The 
The probe is advanced using ventral pressure and axial tract is again probed for a breach with the aid of the feel 
rotation to a depth of about 15 to 20 mm (the length of of the tapped threads. 
the pedicle), using the appropriate orientation for the ™ Screw diameter is based on radiographic evaluation of 
particular vertebral level (see Lumbar Pedicle Anatomy) pedicles. 
and taking care to account for the scoliotic deformity. = — The screw is placed slowly to allow for viscoelastic expan- 
| 


The probe is then removed and reintroduced into the 


sion of the pedicle. 
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ROD PLACEMENT 


Stainless steel is preferred over titanium in patients in 
whom a derotation maneuver is planned because of the 
higher modulus of elasticity. The disadvantage is failure 
occurring at the screw-bone interface instead of via plas- 
tic deformation of the rod. 

Titanium instrumentation allows for magnetic resonance 
imaging with less metallic artifact and is indicated in pa- 
tients with nickel allergies or if there are plans to follow 
the patient with serial MRIs. 

We use the Bovie cord to measure the length of rod re- 
quired, although any flexible measuring template may 


Typically, 1 cm is added to the measurement of the con- 
cave side to allow for distraction. As most corrective ma- 
neuvers are done with the concave rod, the length of the 
convex rod typically mimics the length of the Bovie cord. 
The rod is prebent to the appropriate sagittal contour 
using French benders. 

The concave-side rod is placed first. 

There are various methods for rod placement based on 
the corrective measures that are to be used. We prefer to 
secure the rod to the hook-screw proximally and work 
distally. 





be used (TECH FIG 6). 





TECH FIG 6 e The length of rod required is determined using © 


the Bovie cord. 


= A 90-degree rod derotation maneuver is performed 
with vise grips. All set screws are then secured to hold 
correction. 
= The prebent convex-side rod is placed in situ. 
= Compression and distraction maneuvers are performed 
where needed. In general, care should be taken to “hor- 
izontalize” the end vertebrae. 
=" For selective fusion of Lenke 1A curves, we prefer to 
horizontalize the lowest instrumented vertebrae (LIV). 
= For Lenke 1B curves we prefer to leave a slight obliq- 
uity to the LIV. 
™ For Lenke 1C curves it may be preferable to leave the 
LIV oblique to prevent coronal decompensation. 
= Derotation maneuvers can be done to address apical 
rotation. 
Set screws are tightened to appropriate torque using 
torque wrench. 





PEARLS AND PITFALLS 





Violation of the medial wall 


Neural injury from medial 
penetration is rare but 
does occur 


Pedicles at the ends of a 
construct need to be 
competent 


Screws do not line up well 
to accept rod 


Unable to locate pedicle 
entrance 


=# Mini-laminotomy 
= If pedicle feels large enough, the screw is directed more laterally. 
= Hooks or cables can be used. 


= Lateral penetration is more common than medial. 

= Intraoperative somatosensory evoked potentials, motor evoked potentials, and electromyography 
can be used to monitor for neurologic compromise and pedicle wall breach. 

™ The surgeon should have a low threshold for a mini-laminotomy and palpation of the pedicle 
with a Woodson elevator. 


= If there is a structural breach, the surgeon can skip a level as long as it is not at the end of the 
construct. 
= Hooks can be used in the thoracic level if pedicles are too small. 


= The surgeon should check for aberrant screw placement. 

= Transverse process can push the screw head medially and the tip laterally. This can be prevented 
by removing a sufficient amount of transverse process to allow appropriate placement of pedicle 
screw without impingement by transverse process. 

= Polyaxial screws can be used. 


= The surgeon should perform a mini-laminotomy. 
= The surgeon can skip a level and then return if adjacent levels provide additional information. 
= Hooks or cables can be used. 
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POSTOPERATIVE CARE 


=" No postoperative immobilization is required with multiseg- 
mental constructs. 

=" Postoperative restrictions include limitations with lifting, 
bending, and twisting. 

= It is important to maintain mean arterial blood pressure 
above 70 mm Hg overnight and hemoglobin above 10 g/dL to 
maintain spinal cord perfusion. 

= Intravenous antibiotics are maintained for 48 hours postop- 
eratively. 

=" Neurovascular checks are made every 2 hours for the first 8 
hours and then every 8 hours. 

= Patients are out of bed on postoperative day 1. 

= Foley catheter is removed on postoperative day 2. 

= Diet is advanced as tolerated. 

= Patient-controlled analgesia is used for appropriate patients. 
Continuous narcotic infusion with demand for the first 24 
hours is followed by demand only for the next 24 hours, 
followed by oral pain medications when tolerating diet. 

= A 4-day hospital course is typical. 

=" Routine follow-up is done at 1, 3, and 6 months and at 1, 2, 
and 5 years. 

= Activity is increased based on the degree of fusion. 


OUTCOMES 


=" With meticulous attention to detail with regard to instrumen- 
tation and fusion techniques, excellent outcomes in terms of 
straightening and fusion of the scoliotic spine can be expected. 
= Long-term outcomes are variable and depend on the under- 
lying diagnosis and the extent of retained spinal mobility. 


COMPLICATIONS 


Wrong-level surgery 
Failure of fusion 
Hardware malfunction 
Neurologic injury 
Dural tear 
Pneumothorax 


Crankshaft 


= Superior mesenteric artery syndrome 
" Loss of lumbar lordosis 
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DEFINITION 


=" Kyphosis in the patient with myelomeningocele can occur at 
the thoracolumbar junction, the midlumbar spine, or the lum- 
bosacral junction. 

=" The different types of kyphosis have some bearing on the 
treatment needed for the repair, but whether the origin is con- 
genital, developmental, or paralytic, the consequences can be 
devastating for the child with this condition. 

= Skin breakdown over the apex of the kyphosis can develop 
deep wound infections and lead to central nervous system 
infections. 

=" Secondary changes in other organ systems can create com- 
promise in the gastrointestinal or genitourinary systems or 
even potentially disastrous kinking of the great vessels due to 
compromise in the abdominal height. Diminished absorption 
frequently occurs in the gastrointestinal tract, and renal calculi 
may develop from poor urinary drainage. 

= Secondary effects on the pulmonary capacity produce tho- 
racic insufficiency syndrome because the abdominal contents 
are pushed into the thoracic cage. Added to this is a secondary 
thoracic lordosis cephalad to the kyphosis. 

= Bracing generally leads to problems from skin pressure and 
ultimately does not solve the problem. 


ANATOMY 


=" The kyphotic angle can be gradual or acute. 

= The paraspinal musculature is partially innervated in a flex- 
ion position lateral to the bony ridges owing to lack of poste- 
rior migration from an embryologic origin. In this position, 
they contribute to forward flexion of the spinal column. 

" The bony ridges laterally in the area of the diastasis leave 

little bone for fusion mass on the posterior side of the verte- 

bral column. 
=" The midline defect from the original myelomeningocele 
characteristically is covered by a fragile dura separated from 
the overlying skin by a thin layer of subcutaneous tissue. 

" The soft tissue coverage is made worse by poor nutrition. 
=" One of the most reliably formed vertebral structures is the 
sacral ala. 
= The great vessels generally do not follow the kyphotic con- 
tours into the kyphotic apex. 


PATHOGENESIS 


=" Embryologically the notochord is covered dorsally by clo- 
sure of the ectoderm over top of it, progressing in a cephalic to 
a caudal direction. In myelomeningocele, the closure is incom- 
plete, usually at the caudal end. 

= Less common types of myelomeningocele occur in the tho- 
racic and cervical area. Thoracolumbar, lumbar, and lum- 
bosacral kyphosis is the most commonly seen type and occurs 
because of lack of posterior migration of the ectoderm sur- 
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rounding the notochord, leaving the neural placode in a vul- 
nerable position, exposed at birth. 
= Congenital bony defects occurring in this area lead to an 
early-onset kyphosis that can pose significant problems for 
the neurosurgeon’s closure at birth. This has led some ex- 
perts to encourage neonatal correction of the kyphosis. 
=" With further growth and an upright sitting posture, the 
paraspinal musculature, which has formed in a lateral and 
anterior position, pulls the upper torso into a more kyphotic 
position, both actively through muscle contracture and secon- 
darily from gravity. 
" This can lead to further skin compromise and pressure in 
the soft tissues overlying the kyphosis. 
= Skin breakdown can be a serious problem over the 
kyphosis. 
=" The C7 lateral plumb line shows the upper torso to be far 
out of balance in a forward-flexed posture, leading to thoracic 
insufficiency from the abdominal contents pressing under the 
diaphragm. 
" This can render the child a “functional quadriplegic” 
since he or she uses the upper extremities for balance 
and to unweight the diaphragm by pivoting on the extended 
arms for breathing purposes (marionette maneuver; FIG 1). 
=" From a developmental standpoint, this can further limit 
the young child’s upper extremity interaction with his or her 
environment, which is essential for the development of nor- 
mal intelligence. 


NATURAL HISTORY 


= The natural history of unpublished cases of severe kyphosis 
is one of thoracic compromise from insufficiency syndrome, 
progressive decline in pulmonary capacity, and death. 





| 
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FIG 1 © “Functional quadriplegia” in myelokyphosis; lumbar 
kyphosis with thoracic lordosis. 
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PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" A careful history and physical examination should elicit pos- 

sible signs and symptoms of associated anomalies, including: 
" Chiari malformation 

Tethered cord 

Respiratory compromise 

Gastrointestinal malabsorption 

Urinary hydrostasis and lithiasis 

= Physical examination of the child should include flexibility 

tests of the curve by physically supporting the child under the 

armpits to suspend him or her against gravity. Bending back 

supine on the examining table can also indicate the extent of 

lumbar flexibility. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Standard radiographs, anteroposterior (AP) and _ lateral 
views of the full spine, in the upright sitting posture assess the 
effects of gravity upon the curve (FIG 2A,B). 
= Supine radiographs are helpful for visualization of bony 
definition. 
" Flexibility films with traction, manual push, or back 
bending over a bolster with a shoot-through lateral film, are 
helpful adjuncts. 
=" CT scans, especially three-dimensional CT scans, offer the 
best delineation of the anatomy. 
=" MRI is critical for assessment of the intrathecal structures 
and assessing for Chiari malformation, syringomyelias, and 
tethering (FIG 2C). 





FIG 2 © A,B. A 13-year-old with 
myelokyphosis with diastasis be- 
ginning at T6 with 127 degrees 
of kyphosis. C. Preoperative MRI 
in a 9-year-old with 
myelomeningocele before un- 
dergoing kyphectomy with 
growing construct. 





DIFFERENTIAL DIAGNOSIS 


=" Congenital versus developmental kyphosis 

= Sacral agenesis 

=" Charcot joints secondary to vertebral column breakdown 
across the apex of the kyphosis 


NONOPERATIVE MANAGEMENT 


= Bracing has no place in the treatment of this disorder. 

=" Occasionally traction is helpful to stretch the kyphosis, es- 
pecially in a developmental type to aid in correction at the time 
of surgery. 

= This can be done with cervical traction or halo traction, and 
some authors have promoted the use of this traction during the 
time of surgery to aid in the correction. 


SURGICAL MANAGEMENT 
Preoperative Planning 


=" Vascular monitoring devices are an important adjunct dur- 
ing surgery, and either arterial lines or pulse oximeters on both 
feet are important to monitor blood supply to the lower ex- 
tremities at the time of correction. 
= A great deal of tension can be placed on the aorta at the time 
of kyphosis realignment. Thus, arterial and central venous 
lines are necessary to monitor central pressure and allow for 
rapid medication administration. 
= Areas of skin breakdown should be addressed and healed 
prior to kyphectomy. 
= Preoperative planning may include assessment by a plas- 
tic surgeon and possible need for placement of tissue ex- 
panders in the posterolateral axillary margins to aid in skin 
closure at surgery (FIG 3). 
= As a part of the preoperative planning, all imaging studies 
are carefully reviewed to assess flexibility, the adequacy of the 
vertebral bodies to tolerate pedicle screws, and planning for 
which levels will need to be decancellized or removed. 
= It is recommended that these plans be recorded on a 
“blueprint” that can be placed on the operating room wall 
outlining the location of implants, osteotomies, and order of 
progression for the surgical plan. 
= Assessment by neurosurgery is necessary preoperatively re- 
garding shunt functioning and review of the MRIs. 
=" Preoperative antibiotics are essential, including gram- 
negative coverage for urinary pathogens. These are continued 
postoperatively for 6 to 12 weeks. 





FIG 3 © Myelomeningocele in an 11-month-old with tissue 
expanders placed bilaterally before delayed closure and 
kyphectomy. 


=" Nutritional status is maximized and may require hyperali- 
mentation via a gastrostomy tube button months ahead of 
surgery to maximize postoperative healing. 

Positioning 

=" During positioning, careful padding with extra foam is es- 
sential to protect delicate skin during a prolonged operation. 
= Eye protection to guard against intraoperative ocular com- 
promise and a spinal frame that allows for suspension of the ab- 
dominal structures will diminish the epidural vascular pressure. 
= Preoperative assessment of the hips is important to anticipate 
the intraoperative positioning, and if the flexion contractures 
about the hips are too severe, a preliminary release of contrac- 
tures done a few weeks ahead of time may be necessary to allow 
for proper positioning of the legs at the time of the kyphectomy. 


Approach 


= The surgical incision may involve excision of compromised 
skin lesions or scars, although this is best addressed before 
surgery. 


INCISION AND LUMBAR DISSECTION 
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= ‘The previous incisions on a myelomeningocele back may not 
be midline or ideally placed. 
= The best skin incision for kyphectomy should follow the 
previous skin incisions to maximize blood supply to the skin 
edges at closure. Maximum skin and subcutaneous tissue 
coverage is important for good skin closure. 
= If a compromise in the quality of soft tissues is anticipated, 
then previously placed tissue expanders may be removed from 
the midline at closure and the expanded tissue brought to the 
midline. 
=" There may be times when the poorly healed, convoluted 
scars from previous neurosurgical interventions may be har- 
bingers of bacteria that will not promote adequate healing or 
may contribute toward postoperative infection. Preliminary 
excision of the scars by plastic surgery may afford the best de- 
fense against outside-in infections. 


The incision—either straight or curvilinear—follows the 

previous scars. It is extended deep to the spinous 

processes in those sections where they exist. 

= The caudal portion of the incision is made to the level 
of the dura, with care taken to avoid laceration of the 
fragile dura. 

The surgical plane is then deviated to the right and left 

side superficial to the dura while palpating for the lat- 

eral bony elements. The deep portion of the incision is 

directed toward the bone. 

= It is desirable to maintain as much subcutaneous 
thickness as possible. 

If there are lacerations of the dura, it is best to stop and 

sew them as one proceeds since the thinned dura may re- 





quire a flap of adjacent tissue for a watertight closure. 
Sometimes it is necessary to sew in a piece of Duragen 
sealant to ensure a watertight closure. 
= Four-O Neurolon on a small needle in a running fash- 
ion works quite well for an incidental durotomy repair. 
As one proceeds from distal to proximal in the lumbar 
spine, the lateral elements are palpated and with the 
use of electrocautery, the soft tissues are incised to 
bone. 
The muscle and soft tissue attachments to the laterally 
positioned lumbar bones are released to reveal the un- 
derlying bony elements that embryologically would have 
progressed posteriorly to become the lamina and facets 
(TECH FIG 1A-C). 


closed at 
completion 


TECH FIG 1 «© A. Intraoperative dis- 
section with neuroplacode left in 
place and forceps placed on bilateral 
bony ridges. B. Paraspinal muscles 
are dissected away from the kyphosis, 
with frequent irrigation of neural 
elements. C. In a different patient, 
the kyphosis has been dissected out. 
D. The neuroplacode can be left in 
place, mobilized to one side by releas- 
ing nonfunctioning nerve roots over 
four levels, or resecting to the level of 
the diastasis and oversewing. 
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= The rudiments of these bones can be visualized along 
with a transverse process at each level in the bony 
ridge of the diastasis. 

The medial neural placode is left intact since it acts as 

third-space filler and padding for the implants. 


THORACIC DISSECTION 


Once the lumbar spine is dissected, the thoracic area is 

approached. 

= If one is contemplating a fusion of the thoracic spine, 
such as in a child over 8 years of age, full dissection 
out to the tips of the transverse processes should be 
accomplished. 

If a growing rod construct is being used, such as in a child 

under age 8 years, this is done with minimal dissection so 

as to promote growth. 

= If the growing construct is desired, the muscle and 
soft tissue attachments are cleaned from the sides of 
the spinous processes as far as the facet joints. 


PEDICLE SCREW PLACEMENT 


At this point in the operation, radiographic C-arm guid- 

ance is helpful for placement of pedicle screws. 

The entrance point for the lumbar dysplastic pedicles is 

in a lateral position, with the pedicles directed obliquely 

toward the vertebral body (TECH FIG 2). 

= Bilateral screws can be obliquely placed for fixation. 

Fixation to the pelvis can be done with multiple types of 

fixation devices, including S-rods, S-hooks, and _ iliac 

threaded bolts. 

™ Fusion to the sacrum is essential to firmly plant the 
rod on the pelvis and allow for growth off the top of 
the rods in the thoracic spine. 

The C-arm is used in both AP and lateral positions to con- 

firm satisfactory placement of the screws in bone. 

Bicortical fixation is generally not necessary because of the 

strong fixation supplied by the triangulation of the screws. 

Polyaxial screws are desirable through the lumbar 

segments. 


DECANCELLIZATION 


Decancellization can be accomplished at multiple levels, 
leaving adequate vertebral levels for fixation and correc- 
tion. Ideally, it is accomplished at one or two levels in a 
location that will leave sufficient midlumbar fixation 
points to push the vertebrae forward to create lordosis. 
= The levels chosen for decancellization are approached 
after screw placement, based on the preoperative 
planning. 
The decancellization begins with a burr at the entrance 
to the pedicle. It continues with enlarging sizes of 
curettes, saving the bone for the fusion. 
The inside of the vertebral body is completely cored out, 
and when bleeding points are encountered, the pedicle 
can be filled with FloSeal and if necessary further packed 
with some rolled Gelfoam to stop the bleeding. 


There may be instances in which the neuroplacode has to 
be mobilized, and this is done by releasing nonfunction- 
ing roots on one side and reflecting the dura laterally to 
gain access to the disc space and underlying vertebrae 
(TECH FIG 1D). 


One needs to be able to visualize the ligamentum flavum 
sufficiently to pass sublaminar wires for the Luque trol- 
ley portion of the “growing” construct. 

=" Generally, four thoracic levels for wires are all that is 

necessary. 

In the lumbar spine, soft tissues should be cleaned from 
bone sufficiently to allow for fusion between the lateral 
elements and to the sacrum. 





TECH FIG 2 « Screws in place and bilateral curettes in pedicles 
to decancellize at L3 before doing the same at T12. 


Care is taken to avoid violating the posterior cortex of 

the vertebral body until the very end, since this is where 

the epidural vessels are most prolific. 

=" The lateral margins of these vertebral bodies are re- 
moved, including the transverse process and postero- 
lateral bone. 

The decancellization should be thorough, leaving only 

the cortex. This is carried out bilaterally followed by im- 

plosion of the posterior cortex with an Epstein curette, 

pushing the bone fragments into the cavity of the verte- 

bral body (TECH FIG 3). 

= Bleeding points are stabilized. 

In most instances, decancellization alone at select 

levels is all that is necessary to gain the mobility for 

correction. 
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TECH FIG 3 e Decancellization. A. Lateral 
view. B. Cross-sectional view. 


HORIZONTAL RESECTION 


= Occasionally, removal of a vertebral segment may be in- 
dicated. If so, it can be accomplished while maintaining 
the neuroplacode. 

= The vertebral section for removal in that instance 
would be taken from that section of the curve that is 
horizontal and cephalad to the apex of the kyphosis 
(TECH FIG 4). 


TECH FIG 4¢ A. If bone is to be resected (due to extreme stiff- 
ness), this should be done in the horizontal section at the top 
of the kyphosis, not at the apex. B. After horizontal resection, 
the bone is pushed forward to realign. C. After resection, 
realignment and fixation are accomplished. 





ROD PLACEMENT 


™ Once these corrective maneuvers have been completed, ™ Through gradual approximation of the rod forward to- 


rods linked to the sacrum can then be placed bilaterally ward the thoracic fixation points, the lumbar segments 
to push the vertebral bodies anteriorly into a straight or are brought into alignment and the rods gradually tight- 
preferably a lordotic position (TECH FIG 5A). ened to the wires of the thoracic spine (TECH FIG 5B,C). 





TECH FIG 5 e A. Bilateral rods are anchored to L4 and S-hooks in preparation for reduction. B. Decancellized levels are 
crushed by compressing adjacent screw heads. C. In a different patient, gradual reduction with wires and provisional tight- 
ening are accomplished using a growing construct. (continued) 
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TECH FIG 5 e (continued) D. Completed reduction in patient in A and B. Allograft and autograft have been 
applied to decorticated bone for fusion. E. Completed reduction in patient with growing construct in C. 


= Physiologic kyphosis can be contoured into the tho- 
racic component of the rods to correct the thoracic 
lordosis. 

™ Generally, the rods are left one level long at the top 
to allow for growth in the thoracic spine. 


The final tightening should produce some distraction be- 
tween the lowest lumbar segment fixation point and the 
S-hooks pushed against the sacral ala (TECH FIG 5D,E). 
This will set the S-hooks in place securely. 

Final contouring with the in situ benders can allow for 
further lordosis of the lumbar spine if desired. 


ASSESSING AND MANAGING LOWER EXTREMITY HYPOPERFUSION 


Frequently, the initial maneuvers for correction across the 
kyphosis are accompanied by a decrease in blood flow to 
the lower extremities. Therefore, it is important to do this 
corrective maneuver gradually in small increments. 

The baroreceptors in the aorta can accommodate to the 
change in alignment and stretch. If the blood flow to the 


feet is unable to accommodate to the new position of 

the spine, further decancellization or vertebral body re- 

moval will be necessary. 

=" This decision is based on the flow to the lower ex- 
tremities reflected in the pulse oximeter or arterial 
catheters in the feet. 





CLOSURE 


As part of the closure, it is important to grasp the 
paraspinal musculature with clamps to pull the muscles 
toward the midline by elevating and mobilizing the mus- 
cle layer with a Cobb elevator. 
=" Sometimes release of the fascia on the posterior side 
of the musculature is necessary, and this is best done 
in the posterior axillary line with a vertical cut in the 
fascia. 
The paraspinal musculature should be brought as close 
as possible toward the midline on both sides and sewn 
down (TECH FIG 6). 
At least one and more likely two Hemovac drains should 
be left, one in the deep and one in the superficial layers, 
for drainage over 1 week to 10 days postoperatively. 
Subcuticular closures can be used, but they should be re- 
inforced with external suture of some kind, either clips 
or interrupted nylon sutures on a temporary basis. 





TECH FIG 6 ® The paraspinal muscle flaps are brought to mid- 
line for final closure. 


PEARLS AND PITFALLS 
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Evaluation 


= The surgeon can assess flexibility of the curve by physically supporting the child under the 


armpits to suspend him or her against gravity. Bending back supine on the examining table 
can also indicate the extent of lumbar flexibility. 


Preoperative preparation 
Intraoperative monitoring 
Preoperative preparation 


= Areas of skin breakdown should be addressed and healed before kyphectomy. 
= Vascular monitoring of the lower extremities is a critical part of the intraoperative monitoring. 


= Preoperative antibiotics are essential, including gram-negative coverage for urinary 


pathogens. These are continued postoperatively for 6 to 12 weeks. 


Managing incidental dural tears 


= Four-O Neurolon on a small taper needle in a running fashion works quite well for an inci- 


dental durotomy repair. Duragen can be sewn over the repair, and occasionally the use of a 


sealant (Tusseal) is necessary. 


Preventing epidural bleeding 


# Care is taken to avoid violating the posterior cortex of the vertebral body until the very end, 


since this is where the epidural vessels are most prolific. 


Setting the S-hook 


= The final tightening should produce some distraction between the lowest lumbar segment 


fixation point and the S-hooks pushed against the sacral ala. This will set the S-hooks in place 


securely. 


Postoperative care 


= All reasonable measures must be taken to avoid any pressure on the wound or extremities in 


the postoperative period. All areas of insensate skin must be protected from excessive pres- 
sure with frequent change in position on a soft surface. The dressings should be covered with 
a waterproof covering to protect against secondary contamination from stool. 


POSTOPERATIVE CARE 


=" For recovery, patients are placed on their back with an 
extra-thick foam on top of the mattress to avoid excessive skin 
pressure. 

=" Logrolling is instituted 6 hours postoperatively and repeated 
every 2 hours. 

= Recovery occurs in the intensive care unit until the patient is 
sufficiently stable. 

=" Although postoperative immobilization is not necessary, if 
desired it can be accomplished with careful molding of a bi- 
valved jacket with a Plastizote soft lining. 


OUTCOMES 


= Improved sitting 
= Improved respiratory function 
= Better blood supply to skin 


COMPLICATIONS 


= Skin breakdown 

= Infection, superficial or deep 

Vascular compromise to feet with stretch on aorta 
Loosening of spinal implants 

Pseudarthrosis 
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DEFINITION 


=" Thoracic scoliosis and thoracolumbar-lumbar scoliosis are 
typically curves seen in idiopathic scoliosis and can be treated 
anteriorly. 

= Anterior arthrodesis refers to the fusion of the anterior part 
of the vertebral bodies, usually with instrumentation for these 
curve patterns. 


ANATOMY 


=" Thoracic idiopathic scoliosis usually has an apex at T8 or 
T9. It is the most common right convex curve pattern and has 
axial-plane rotational deformity as well as hypokyphosis. 

=" The vertebral bodies are nearly normal in their shape, al- 
though some distortion of the vertebral body and pedicles is 
seen, with thin long pedicles on the concavity and shorter, 
wider pedicles on the convexity. 

" Thoracolumbar-lumbar scoliosis has an apex of the curve at 
T12 or below and is most commonly a left-sided curve, with 
or without a compensatory thoracic curve. 


PATHOGENESIS 


= The cause of idiopathic scoliosis is not yet known. 


NATURAL HISTORY 


= Idiopathic scoliosis progresses with continued growth of the 
spine, especially during the peak growth periods and when the 
curve magnitudes are “large” at the completion of growth. 

= Thoracic curves tend to progress at skeletal maturity when 
the curve is greater than 45 to 50 degrees. 

=" Thoracolumbar-lumbar curves tend to progress when the 
curve is greater than 35 to 40 degrees at the time of skeletal 
maturity. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Patients with thoracic scoliosis and thoracolumbar scoliosis 
should be evaluated for their perception of spine and body de- 
formity to include asymmetric shoulder elevation, trunk shift, 
waistline asymmetry, and rib or flank prominence. 

= Pain in the axial spine and pain radiating into the lower ex- 
tremities should be ascertained with a good history; such 
symptoms warrant an MRI. 

=" Neurologic symptoms such as paresthesias, hyperesthesia, 
or bowel or bladder symptoms are relevant and require further 
imaging with an MRI. 

= Physical examination should assess the trunk imbalance in 
the coronal plane, which can be seen with isolated thoracic or 
thoracolumbar-lumbar curves. 

=" The Adams forward bend test characterizes the axial-plane 
deformity seen in scoliosis and is used to assess rotational de- 
formity of the thoracic rib prominence or the flank promi- 
nence. The rotational deformity of the thoracic and lumbar 
spine is graded using a scoliometer with the patient bending 
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forward, The rotational deformity seen in scoliosis can be very 
prominent and the most obvious deformity seen by patient and 
families. 

=" Cutaneous manifestations of dysraphism should also be 
analyzed. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Anteroposterior (AP) and lateral radiographs of the spine 
should be obtained to review the coronal and sagittal plane de- 
formities, respectively (FIG 1). 

=" On the AP radiograph, the coronal plane deformity is mea- 
sured using the Cobb method. Truncal imbalance can be mea- 
sured using the Floman method (bisecting the distance between 
the lateral rib margins and comparing this point to the center 
sacral vertical line [CSVL]). 

=" The decompensation of the head relative to the pelvis is 
measured by the distance between the C7 plumb line and the 
CSVL. 

= The Risser sign should be evaluated by assessing the ossifica- 
tion of the iliac apophysis, giving it a grade between 0 and 5. 

= The triradiate cartilage status should be assessed as either 
open or closed. 

= The lateral radiograph is used to measure thoracic kyphosis 
(measured from TS to T12) and lumbar lordosis (from L1 to 
$1) as well as the sagittal balance (comparing a C7 plumb bob 
line to the front edge of $1). 

=" Supine best-bend radiographs can be used to determine the 
flexibility of the spine and are especially useful to determine 





FIG 1 © AP and lateral radiographs of a 51-degree left lumbar 
curve. 
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whether the thoracolumbar-lumbar curve is flexible when a 
primary thoracic curve is present or if the thoracic curve is 
flexible and compensatory when the primary thoracolumbar- 
lumbar curve is present. 


DIFFERENTIAL DIAGNOSIS 


=" Idiopathic scoliosis should be differentiated from other 
types of scoliosis in which congenital abnormalities are not 
seen in ambulatory patients, This list includes neurofibromato- 
sis, Marfan syndrome, type 3 spinal muscular atrophy, scolio- 
sis associated with syringomyelia, or tethered cord. 


NONOPERATIVE MANAGEMENT 


= Adolescent thoracic and thoracolumbar scoliosis can be 
treated with bracing when curve magnitudes are between 25 
and 45 degrees during peak growth periods. 

=" Bracing is used for these curve magnitudes to prevent 
curve progression and is indicated in Risser grade 0 to 
2 patients. 

=" Nonoperative management is primarily indicated when 
the cosmetic appearance of the patient is acceptable to him 
or her. 


SURGICAL MANAGEMENT 


= Surgical indications for thoracic idiopathic scoliosis are 
curves exceeding 45 to 50 degrees with unacceptable cosmetic 
deformity. 

= Indications for surgical treatment of thoracolumbar—lumbar 
curves are curves exceeding 40 to 45 degrees with unaccept- 
able cosmetic deformity. 


Preoperative Planning 


= A careful physical examination as noted above is necessary 
to ensure that there are no neurologic signs or symptoms, 
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which would indicate neural axis abnormalities. If these are 
present, MRI of the neural axis is indicated. 

=" Radiographic imaging should be used to ensure the curve is 
characteristic of an idiopathic curve. For thoracic curve mag- 
nitudes, this should demonstrate apical lordosis. The atypical 
curves, such as left-sided thoracic curves or those with signifi- 
cant decompensation despite minimal rotational deformity, or 
patients who have excessive thoracic kyphosis should be fur- 
ther evaluated with an MRI. 

=" The AP radiograph, the lateral standing radiograph, and the 
supine best-bend radiograph should be used to determine the 
Lenke classification. 

=" Specific detailed analysis of the compensatory curves should 
be performed to fine-tune a surgical plan to ensure that post- 
Operative decompensation does not occur. This is especially 
important to determine the flexibility of the lumbar curve and 
the lumbar modifier for primary thoracic curves, as well as the 
flexibility of the compensatory thoracic curve for primary tho- 
racolumbar—-lumbar curves. 

= Anterior fusion levels for thoracic scoliosis are, in general, 
proximal-end vertebra to distal-end vertebra. Occasionally a 
parallel disc is noted at the distal segment. It is controversial 
whether this disc should be included in the fusion levels. When 
the curve is relatively small (50 to 60 degrees) and flexible 
(greater than 50% flexibility index) and the patient is skele- 
tally mature (triradiate cartilage is closed and Risser grade 1 or 
higher), inclusion of the parallel disc is not often necessary 
(FIG 2A,B). 

= Anterior fusion levels for thoracolumbar-lumbar curves in 
general are proximal-end vertebra to distal-end vertebra. 
When the disc below the planned lowest instrumented vertebra 
is reversing and opening into the fractional lumbosacral curve, 
then disc wedging is not seen postoperatively. However, a disc 
below the lowest instrumented vertebra that is parallel preop- 
eratively will often be wedged postoperatively (FIG 2C,D). 





FIG 2 © A. Preoperative radiograph of a 13-year-old girl with a right thoracic curve measuring 52 degrees from T6 to T12. The 
disc at T11-12 is open into the right thoracic curve while the disc at T12-L1 is parallel. B. Thoracoscopic anterior spinal fusion 
and instrumentation from T6 to T12 demonstrating excellent correction of the main thoracic curve with excellent response of 
the proximal thoracic and lumbar curves. C. A left thoracolumbar curve measured between T11 and L2 with a trunk shift to 
the left. D. Two-year postoperative radiographs following an open anterior fusion and instrumentation from T11 to L2 with 
dual rod-dual screw system and anterior cages placed at the T12-L1 and L1-L2 levels with excellent coronal plane correction. 
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Positioning 

= Positioning for anterior surgery for either the thoracic or 
thoracolumbar curves is fairly similar. 

= Patients are placed in the lateral decubitus position with the 
convex side of the curve up. 

= An axillary roll is used for safe upper extremity neurologic 
function (FIG 3). 

= An inflatable bean bag is used to position the patient, and 
body positioners can be added for further patient stabilization. 
" For thoracolumbar-lumbar curves, a table that can be 
flexed allows for greater access to the abdomen and spine. It 
should be centered over the apex of the curve. 

=" For thoracic scoliosis surgery, the patient can be placed on 
a flat radiolucent table. 


Approach 


= The anterior approach is used for thoracic scoliosis. 





A curved incision is made over the proximal rib corre- 
sponding to the proximal fusion level (ie, commonly T5 
with the fifth rib). The incision is carried through the tho- 
racic and abdominal musculature to the periosteum of 
the rib. 

Subperiosteal dissection of the rib is performed circum- 
ferentially, and the rib is cut posteriorly and anteriorly. 
The parietal pleura is incised in a longitudinal fashion 
over the vertebral bodies across the intended levels of in- 
strumentation and fusion. 


After true lateral positioning is confirmed, fluoroscopy is 
used to mark the skin for the proximal-end vertebra and 
distal-end vertebra on the AP view. The skin markings 
are made to identify the angle of the proximal-end ver- 
tebra on the AP view (TECH FIG 1). 

The anterior and posterior edges of the vertebral bodies 
are then marked using the lateral fluoroscopy view. 

The chest and flank are prepared and draped in the nor- 
mal sterile fashion. 








FIG 3 © Positioning for access for a thoracoscopic anterior spinal 
fusion and instrumentation in the left lateral decubitus position. 
The arms are positioned at 90 degrees, axillary rolls are placed 
on the left axilla, and the patient is secured with a bean bag. 


OPEN THORACIC ANTERIOR INSTRUMENTATION AND ARTHRODESIS 


= The segmental vessels can be temporarily ligated and 
spinal cord monitoring should be observed during tem- 
porary ligation. 

= Permanent ligation can be performed after 20 minutes 
of normal spinal cord monitoring. 

= — Discectomy is performed (see below in the section on the 
thoracoscopic technique). 
Instrumentation is placed (see below). 
For the remaining procedures, see details under the tho- 
racoscopic approach. 


THORACOSCOPIC ANTERIOR INSTRUMENTATION AND ARTHRODESIS 


Positioning, Preparation, and Draping Thoracoscopic Portal and Guidewire 


Placement 


= An anterior portal is placed, bisecting the distance be- 
tween the proximal and the distal intended instru- 
mented vertebra, in the anterior axillary line. This portal 
is used for placement of the camera (TECH FIG 2A). 

= A guidewire is then placed directly over the vertebral 
bodies over the intended second-most-proximal portal 
and is visualized with the thoracoscope placed in the an- 
terior portal (TECH FIG 2B). 


TECH FIG 1 ° Fluoroscopic imaging of the 
spine prior to surgery. A. The lateral radi- 
ograph is used to identify the anterior and 
posterior edges of the vertebral body. B. 
The AP radiograph is used to mark the 
skin over the intended fusion levels to di- 
rect portal placement. This example 
demonstrates a T6-T12 fusion. 
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TECH FIG 2 « A. The anterior 
portal is placed in the anterior 
axillary line with the camera in- 
serted in the portal. The patient 
is in the left lateral decubitus 
position: proximal to the right 
and distal to the left. B. A 
guidewire is placed before plac- 
ing the posterior lateral portals. 
The guidewire is directed just 
anterior to the rib heads and 
marks a good position for the 
posterolateral portal. 





= After good placement of the guidewire (directly over the Discectomy Technique 
rib head), the portal is placed with a transverse incision 


centered over the rib. This portal can be used for visualiza- 
tion with a thoracoscope to place the remaining portals. 

= The most proximal posterolateral portal is placed after 
the intended second posterolateral portal to ensure 
exact location of the proximal portal. The proximal por- 
tal position is most important, since the most proximal 
two screws are often placed in small vertebral bodies and 
have significant coronal angulation, and retraction of 
the scapula makes this portal difficult. 

= ~The remaining portals are placed in the posterolateral line. 
The portals will house the camera, a fan retractor to re- 
tract the lung, a suction device, a working portal, and 
then a free portal. 


= The pleura is incised in the midvertebral line in a longi- 
tudinal fashion, keeping the segmental vessels intact 
(TECH FIG 3A). 

= The segmental vessels are then ligated two or three at a 
time (normotensive anesthesia is used for anterior surgery). 

= The parietal pleura is retracted anteriorly, all the way to 
the opposite side, and access to the anterior longitudinal 
ligament and the contralateral annulus is allowed (TECH 
FIG 3B). 

= Posterior retraction allows for identification of the rib 
heads (TECH FIG 3C). 

= The disc is incised from the convex rib head to the oppo- 
site annulus (TECH FIG 3D). 





TECH FIG 3 « A. Electrocautery is used to incise the parietal pleura longitudinally, starting over the disc to avoid the segmen- 
tal vessels. The segmental vessels are left intact on the first pass. B,C. After ligation of the segmental vessels, the pleura is 
bluntly retracted. B. Anterior dissection circumferentially to the opposite side of the pleura. C. Posterior retraction of the pari- 
etal pleura beyond the rib head. D. A scalpel blade is used to incise the annulus from rib head posteriorly all the way to the 
opposite annulus. Shown here is the incision up against the rib head after incising the annulus and the anterior longitudinal 
ligament. E. Disc shavers are used to break up the disc material. F. An angled curette is used to take down the endplate and 
tease the periosteum around the corner to get full access to the bone. (continued) 
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TECH FIG 3 e (continued) G. The most anterior aspect of the 
rib head is being removed. Electrocautery is used to loosen 
the soft tissues attaching the rib head to the vertebral body. 
Part of the rib head has been removed in this photo. 


= The periosteum for the proximal and distal vertebra is in- 
cised to allow for subperiosteal dissection when the dis- 
cectomy is performed. 

= Disc shavers are used to break up the disc material, using 
shavers of increasing width (TECH FIG 3E). 

= A rongeur is used to remove the annulus and nucleus 
pulposus. 

= An angled curette is used to take down the endplate cir- 
cumferentially (TECH FIG 3F). 


‘ ee 
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The rib head is removed at the T4-T7 levels. Since it is po- 
sitioned relatively anterior on the vertebral bodies, it al- 
lows for good discectomy and good placement of the 
screws at these levels (TECH FIG 3G). 

After discectomy, Gelfoam or Surgicel is placed in the 
disc space to prevent endplate bleeding. 


Implant Placement and Grafting 


Screw placement is performed beginning at the apex of 
the curve. 

The proper screw position starts just anterior to the rib 
head and is angled in line with the midaxial plane of the 
vertebral body (angled anteriorly at the apex especially, 
with less angulation at the proximal distal levels) (TECH 
FIG 4A). 

Screw position should be parallel to the endplate, and 
the proximal and distal levels should be angled toward 
the apex of the curve so that during correction, any 
screw plow will not loosen screws. Visualization of 
adjacent screws should confirm good alignment (TECH 
FIG 4B). 

After screw placement, the screw height should be visu- 
alized to ensure that rod seating will occur without diffi- 
culty (TECH FIG 4C). 

Autologous bone is packed into the disc space after re- 
moval of Gelfoam or Surgicel. 

Rod placement is performed; rods can be seated either 
proximally or distally. Depending on rod flexibility and 
size, a straight rod is placed on the end and the set 
screws are engaged to secure the rod (TECH FIG 4D). 





TECH FIG 4 « A. The screw-awl device is placed while visualizing a previously placed screw. The starting point is just anterior 
to the rib head in this photo. B. Final placement of a distal screw while visualizing the more proximal screws. The diaphragm 
is seen in the background. C. After screw placement, the height of the screws should be consistent to allow easy seating of the 
rod. D. The rod is inserted into the most distal screws. E. Compression across the most distal segment is first performed using 
the cable compressor. F. After distal compression, the rod is cantilevered to the remaining screw heads. (continued) 
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Compression across the initial levels is then performed to 
improve the coronal- and sagittal-plane deformity (TECH 
FIG 4E). 

The rod is then cantilevered down to the remaining 
screws, and compression is sequentially performed over 
those levels. Often the rod cannot be cantilevered down 
to all of the screws, so sequential cantilever and com- 
pression are performed (TECH FIG 4F). 

Radiographs are obtained at this point and the desired 
correction is compared with the radiographs. Further 
compression is performed as needed. Care should be 


TECH FIG 4 e (continued) G. AP intraoperative fluoro- 
scopic image confirms good correction of the spine with 
maintenance of screw position. H. Lateral fluoroscopic 
image demonstrates good position of the screws with 
restoration of thoracic kyphosis. Rotational correction is 
also seen with rib margins symmetric. I. Closure of the 
parietal pleura over the instrumentation. J. Placement 
of chest tube under direct visualization while the lung is 
still deflated. 


taken to ensure that screw plow or loosening is not 
occurring radiographically or visually (TECH FIG 4G,H). 
Set screws are completely torqued down. 

The pleura is closed over the instrumentation to ensure 
correct bone graft positioning, decreased chest tube 
drainage, and improved long-term pulmonary function 
(TECH FIG 41). 

The lung is inflated under direct visualization. 

A chest tube is placed through the distal portal incision 
and tunneled to the proximal portal (TECH FIG 4J). 

The incisions are closed in the normal fashion. 


OPEN INSTRUMENTATION AND ARTHRODESIS 
OF THE THORACOLUMBAR-LUMBAR SPINE 


Preparation and Exposure 


The patient is placed in the lateral decubitus position 
with the convex side of the spine up. 

An axillary roll is placed. 

The bed can be flexed to allow for easier access to the 
flank (TECH FIG 5A). 

A curved linear incision is made in line with the rib just 
proximal to the planned upper instrumented vertebra 
(TECH FIG 5B). 

The incision is carried down through the subcutaneous 
layer through the various muscle layers down over the 
rib. The incision can be carried out distally lateral to the 
umbilicus. 

Subperiosteal dissection is carried out around the rib. 
The rib is transected posteriorly near its insertion to the 
spine (TECH FIG 5C). 


The costochondral junction is then incised. A marking su- 
ture is placed at the costochondral junction for later 
reapproximation (TECH FIG 5D). 

Usually at the costochondral level at the 10th rib, access 
into the retroperitoneal space is quite easy, with 
retroperitoneal fat evident. The peritoneal contents are 
then bluntly dissected off the abdominal wall and the 
undersurface of the diaphragm (TECH FIG 5E). 

The diaphragm is then incised just proximal to its inser- 
tion, and marking sutures are placed to ensure proper 
reapproximation (TECH FIG 5F). 

A pleural incision is made longitudinally in line with the 
spine, leaving the segmental vessels intact (TECH FIG 5G). 
Segmental vessel ligation is then carried out, maintain- 
ing good blood pressure to ensure good spinal cord per- 
fusion (TECH FIG 5H). 
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TECH FIG 5 © A. Positioning for thoracoabdominal approach to the spine. The table is flexed to allow full access to the thoracoab- 
dominal region. B. Skin incision is marked. This example is centered over the 10th rib for a T11-L3 fusion. C. The incision is made 
over the rib and subperiosteal dissection is carried out circumferentially around the rib after sequential dissection through the 
musculature. D. The posterior aspect of the periosteum is then incised and the chest is entered. E. After incision of the costochon- 
dral junction, the retroperitoneal fat is visualized and the retroperitoneal cavity is entered. F. The diaphragm is incised a finger- 
breadth proximal to its insertion. G. The parietal pleura is incised proximally. H. Ligation of segmental vessels after suture tying. 
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Discectomy 


Discectomies are performed with incision of the annulus 
fibrosis (TECH FIG 6A). 

Endplate dissection is carried out, using a Cobb elevator to 
remove the entire endplate disc material back to the pos- 
terior aspect of the annulus and to the posterior longitudi- 
nal ligament if necessary (for severe curves; TECH FIG 6B). 
The disc material is removed completely using rongeurs 
and curettes (TECH FIG 6C). 

The disc space is packed with Surgicel. 


Implant Placement, Correction, 
and Fusion 


The instrumentation is then placed using single large 
screws with a quarter-inch single-rod implant system, or 
a dual rod with a 5.5-mm rod (shown here). 










TECH FIG 6 « A. Incision of the annulus with a scalpel 
blade. B. Endplate dissection off the bone using a 
Cobb elevator. C. Lexcel rongeur removal of the disc 
material. 


= Screws are initially placed at the apex in the middle to 
posterior third of the vertebral body in the midaxial 
plane (TECH FIG 7A). 

=m When using a dual-rod system, the posterior screws are 
initially placed angled in the midaxial plane, while the 
anterior screws are directed slightly posteriorly. A staple 
is often used when both the single- and dual-rod screws 
are used (TECH FIG 7B). 

= Once screws are placed, the bone graft material is 
placed as far back toward the posterior longitudinal 
ligament as possible, or the posterior rim of the annu- 
lus fibrosis. 

= The operating table should now be leveled to allow for 
correction of the spine. 

= The posterior rod is initially placed with the dual-rod sys- 
tem, and a 90-degree rod rotation removal can be per- 
formed (TECH FIG 7C). 
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TECH FIG 7 « A. Placement of the posterior screw directed slightly anteriorly with direct visualiza- 
tion of the endplates after complete disc removal. B. Anterior screw placement after placement 
of the posterior screws. The anterior screws are directed slightly posteriorly. (continued) 
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TECH FIG 7 « (continued) C. Insertion of the posterior rod with lumbar lordosis built into the rod. D. After 90 degrees of rod ro- 
tation, scoliosis correction is achieved while restoring lumbar lordosis, as shown here. E. After rod rotation, the anterior struc- 
tural support is placed anteriorly and toward the concavity of the deformity. F. The anterior rod is seated into the anterior screws. 


=" Alternatively, directed force on the anterior screws to 
correct the coronal and axial plane is achieved, and 
then the posterior rod is inserted (TECH FIG 7D). 
After rod rotation with a dual-rod system or single-rod 
system, or correction with pressure on the anterior 
screws and fixation with the posterior rod, the anterior 
structural support is placed. This is most commonly at lev- 
els distal to T12 or alternatively at all instrumented levels 
(TECH FIG 7E). 
Compression can then be performed to further correct 
coronal-plane deformity. 
The anterior structural support should be placed anteri- 
orly and onto the concavity to ensure maintenance of the 
lordosis and improvement of coronal-plane correction. 
The second anterior rod should be then placed with a 
dual-rod system and all set screws completely tightened 
(TECH FIG 7F). 





= The remaining bone graft material is then placed in the 
remaining disc space. 


Closure 
= The pleura is closed as far distally as possible (TECH 
FIG 8A). 


= The diaphragm is reapproximated with interrupted 
Neurolon sutures (TECH FIG 8B). 

= The costochondral junction is reapproximated, and the 
periosteum of the rib is reapproximated (TECH FIG 8C). 
A chest tube of fairly large diameter is then placed. 
The abdominal wall is reapproximated in layers (TECH 
FIG 8D). 

= The remaining muscle layers are closed, as well as the 
skin and subcutaneous layers (TECH FIG 8E). 

= The postoperative radiographs are shown in TECH- 
NIQUES FIGURE 8F AND 8G. 





TECH FIG 8 « A. The parietal pleura is closed beginning proximal to the implants. B. Interrupted 
Neurolon sutures are used to close the diaphragm in an anatomic fashion. (continued) 
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TECH FIG 8 « (continued) C. The ribs are reapprox- 
imated after placing no. 1 sutures under the proxi- 
mal and distal ribs. D. Sequential closure of 
the muscle and soft tissue layers. E. Skin closure. 
F,G. The patient in Figure 1, 1 year postoperatively. F 


PEARLS AND PITFALLS 


Anesthesia 


Camera performance 
Rib head removal 
Discectomy 


Screw placement 


Deformity correction 


During anterior surgery, normotensive anesthesia should be performed to maintain spinal cord perfusion, 
especially when segmental vessel ligation is performed. 

Complete discectomy is necessary to achieve fusion since pseudarthrosis rates continue to be higher with 
anterior surgery than with posterior surgery. 


Thoracoscopy requires outstanding visualization and camera performance to ensure safe and effective 
discectomy, as well as instrumentation. 


Rib head removal during thoracic instrumentation from T4 to T7 is necessary to ensure screws are placed 
posteriorly enough to achieve good purchase. 


This is the most important aspect of the procedure to mobilize the spine for correction and to achieve a 
solid arthrodesis. 


Screw placement is always challenging at the proximal and distal levels. Screw trajectories should always 
be parallel to the endplate, or if anything angled toward the apex of the curve, so that during correction 
plowing does not result in loosening of the screw. 


Thoracic curve: Compression at sequential levels, followed by cantilever of an undercontoured rod, 
followed by further compression 
Thoracolumbar-lumbar curve: Rod rotation followed by compression 
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POSTOPERATIVE CARE 


= The chest tube should be placed to wall suction and can usu- 
ally be removed between 48 and 72 hours, when the drainage 
decreases below 80 cc per shift and when it turns more straw- 
colored. 

= Serial hemoglobin and hematocrit levels should be obtained 
in the first 48 hours. 

= Advancing activities: Sitting in a chair the first postopera- 
tive day and walking on the second postoperative day ensures 
good postoperative pulmonary status and normal bowel 
function. 

= Postoperative bracing is used for 3 months for single-rod an- 
terior thoracoscopic thoracic arthrodesis and instrumentation. 
No bracing is necessary with single quarter-inch rod instru- 
mentation or dual-rod instrumentation when anterior struc- 
tural support is used. 

=" Normal activities are resumed when arthrodesis is visualized 
(best seen on the lateral radiograph). 


OUTCOMES 


=" Thoracoscopic anterior instrumentation and fusion achieves 
a good radiographic and functional outcome. 

= Thoracoscopic anterior instrumentation and fusion contin- 
ues to have a fairly high pseudarthrosis rate of 5% to 6%. 

=" Pulmonary function is somewhat decreased early in the 
postoperative period with anterior surgery, but then it can re- 
turn to baseline at 1 to 2 years. 

=" Thoracolumbar-lumbar anterior instrumentation and 
fusion results in excellent coronal-, axial-, and sagittal-plane 
realignment, especially when dual-rod and large single-rod 
instrumentation systems with anterior structural support 
are used. 


COMPLICATIONS 


= Acute complications 
" Infection is rare in anterior spine deformity surgery. 
" Atelectasis and mucous plugs can be seen, especially 
with single-lung ventilation with anterior instrumentation. 
Aggressive pulmonary toilet and resuming activities mini- 
mize this risk. 

= Late complications 
" Pseudarthrosis: The incidence is 4% to 10% for thoracic 
scoliosis (usually occurs at the apex of the curve) and 4% to 
12% for thoracolumbar scoliosis (usually occurs at the dis- 
tal fusion level). 
" Loss of correction with kyphosis is seen for thoracolum- 
bar-lumbar curves treated anteriorly when anterior struc- 
tural support is not used. 
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DEFINITION 


=" Thoracoscopy provides the ability to gain access to the 
thoracic spine via small incisions (portals). 

" Anterior release includes removal of the annulus fibrosis, an- 
terior longitudinal ligament, nucleus pulposus, and, if necessary, 
the rib head. 

= Scoliosis is a lateral curvature of the spine with axial plane 
rotation. 

=" Fusion is the healing of two vertebral bodies together, 
usually fused by bone graft or bone graft substitute. 


ANATOMY 


=" The thoracic spine spans from the first thoracic vertebra 
(T1) to the twelfth thoracic vertebra (112). 

= The rib head attachment to the vertebral body is more ante- 
rior in the proximal thoracic spine than the distal thoracic spine. 
=" The annulus fibrosis is the circumferential fibrous tissue that 
surrounds the nucleus pulposus, which is in the center of the disc. 
= The anterior longitudinal ligament, which runs on the ante- 
rior aspect of the vertebral body, is a strong fibrous tissue that 
is contiguous throughout the spine. The segmental arteries and 
veins originate from the aorta and vena cava, respectively, and 
traverse the vertebral body. The parietal pleura of the chest 
surrounds the thoracic spine, covering the segmental vessels 
and the disc and vertebral bodies. The anterior, middle, and 
posterior axillary lines run (in reference to the axilla) in the an- 
terior, middle, and posterior aspects of the axilla. Scoliotic de- 
formity in the thoracic spine is lateral curvature with axial 
plane rotation, as well as hypokyphosis (idiopathic scoliosis). 
=" The arch of the aorta and the arch of the azygous vein 
typically are located at the T4-TS levels. 


PATHOGENESIS 


= Scoliosis can be grouped into many categories based on 
pathogenesis. 
=" The most common type of scoliosis seen is idiopathic, in 
which the etiology and pathogenesis are unknown. 
= Theories of pathogenesis include hormonal influences, 
growth disturbance, genetic factors, muscle imbalance, and 
proprioception and balance abnormalities. 
= Other types of scoliosis include: 
" Congenital: abnormal vertebra due to failure of formation 
or segmentation 
" Neuromuscular: eg, cerebral palsy, Duchenne muscular 
dystrophy, spinal muscular atrophy 
" Neurogenic: eg, neurofibromatosis, spinal cord injury 


NATURAL HISTORY 


= An idiopathic scoliosis curve may progress in two ways: 
= With continued spine growth 
=" When curve magnitude is greater than 50 degrees at skele- 
tal maturity 


Thoracoscopic Release and 
Fusion for Scoliosis 
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=" Curve progression can be rapid during spine growth, or slow 
following skeletal maturity (approximately 1 degree per year). 
=" Curve magnitudes above 80 to 90 degrees in the thoracic 
spine may result in symptomatic pulmonary issues. 

= Large curves in adulthood can result in pain.’ 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The examination for spine deformity should include stand- 
ing visualization of the spine to look for shoulder height dif- 
ferences, waist asymmetry, overall trunk balance, or coronal 
head imbalance (FIG 1). 

=" Further information is obtained as to the character of the 
pain (eg, sharp, dull, aching), when the pain occurs (eg, during 
activity, while attempting to sleep, pain waking from sleep), 
and the location of the pain (eg, upper, middle, lower back), 
as well as whether it radiates into the lower extremities. 

=" Other history should include any information on other 
neurologic symptoms such as bowel or bladder incontinence. 
= Sensory symptoms should be elicited, especially with hyper- 
esthesias along the chest wall, or upper or lower extremities. 
= Cutaneous manifestations of dysraphism should be analyzed. 
=" The neurologic examination should include motor strength 
and a sensory examination of the upper and lower extremities. 
=" The abdominal reflexes are the most important neurologic as- 
sessment. They are assessed by stroking the skin adjacent to the 
umbilicus on the left and right and upper and lower quadrants, 
and should be symmetrically absent or present. When asymmet- 
ric, MRI is necessary to evaluate for neural axis abnormalities. 
=" The lower extremities should be carefully examined for 
asymmetry with respect to size and strength of the legs, as 





FIG 1 © This 9-year-old boy had a left-sided large thoracic scoliosis 
but no evidence of neural axis abnormalities on preoperative MRI. 
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well as foot deformities (eg, cavovarus foot deformities) as an 
indication for the presence of neural axis abnormalities. 

=" Deep tendon reflexes and the Babinski reflex should be 
investigated. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiography should include a standing posteroanterior 
(PA) and lateral radiograph of the spine to include the cervical 
spine to the pelvis and hips. 
= The PA radiograph (FIG 2A) should be evaluated for: 
= Coronal plane deformities using the Cobb method 
" The C7-center sacral vertebral line (CSVL) placement 
= A trunk shift using Floman’s method (the distance be- 
tween the CSVL and the mid-distance between the lateral 
rib margins) 
" Evaluation for any congenital abnormalities (eg, hemiver- 
tebra, congenital bar) 
" The Risser stage (0 through 5) 
= The status of the triradiate cartilage (open or closed) 
= The lateral radiographs (FIG 2B) should be analyzed to de- 
termine: 
" Thoracic kyphosis and lumbar lordosis 
" Presence of associated spondylolisthesis or spondylolysis 
" Sagittal balance (distance between C7 plumb line and the 
posterior edge of the first sacral vertebral body) 
" The Stagnara view is an oblique view to the patient, but 
an orthogonal view to the coronal curve that is used in se- 
vere spinal deformities to better visualize the spine. 
= Indications for MRI include neurologic abnormalities, sig- 
nificant back pain associated with scoliosis, atypical curve pat- 
terns such as a left thoracic curve, very young age, congenital 
scoliosis, neurofibromatosis, Marfan disease. 
=" CT scanning may be useful to fully define the osseous 
anatomy, especially for extremely large curves and congenital 
curves. 





FIG 2 © Preoperative AP and lateral radiographs demonstrate a 
93-degree left thoracic scoliosis with a large trunk shift and 
open triradiate cartilage in the patient shown in Fig 1. 





DIFFERENTIAL DIAGNOSIS 


= Idiopathic scoliosis 
=" Congenital scoliosis 
=" Neurofibromatosis 
= Scoliosis associated with Marfan disease 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management has little or no role for severe 
deformity. 
= Patients who are very young with moderate deformity may 
be treated with a brace to buy time to allow the patient to 
grow. 
" Bracing can be effective to prevent curve progression for 
small idiopathic curves (ie, 25 to 40 degrees). 


SURGICAL MANAGEMENT 


= Anterior thoracoscopic release for spinal deformity has 
many technical considerations, which are discussed later in 
this chapter. 
= Indications for an anterior release/fusion 
" Severe spinal deformity: scoliosis greater than 80 to 90 de- 
grees with significant rotational deformity or kyphosis greater 
than 100 degrees with flexibility index less than 50% 
" Skeletal immaturity, to avoid the crankshaft phenome- 
non. Usually performed for children younger than 10 years 
of age with open triradiate cartilage and Risser grade 0. 
" Deficient posterior elements, so that a posterior fusion 
may be difficult. Such deficiencies occur secondary to previ- 
ous surgery with laminectomies for tumors or the treatment 
of neural axis abnormalities. 


Preoperative Planning 


=" Each patient should be carefully analyzed with respect to 
those curves that will undergo an anterior release. 

=" The radiograph should be viewed to determine preopera- 
tively which levels should be released. Release always includes 
the apical levels, and usually includes all of the levels within 
the Cobb measurement. 

=" For severe curves, traction in the operating room may be 
helpful in assisting curve correction. 


Positioning and Approach 
Lateral Position 


= Advantages 
" More familiar and traditional approach 

Conversion to open procedure is easy. 

All thoracic levels can be accessed. 

One can effectively obtain access to the T1 to T5 levels, 
which are not accessible when the patient is in the prone 
position. 

= Disadvantages 
" Repositioning is necessary for the posterior approach. 
= Single-lung ventilation is required. 

=" Approach 
" Single-lung ventilation is achieved with a double-lumen 
endotracheal tube or a univent tube. 
= Position the patient in the lateral decubitus position. 

" Check the endotracheal tube position and the single-lung 
ventilation status. 

" Prepare and drape the chest and side (FIG 3). 

" Place four portals in the anterior axillary line. 
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FIG 3 « Lateral positioning. The patient is positioned in the 
lateral decubitus position with the surgical side up (left in this 


case). An axillary roll was placed and the patient is in the direct 


lateral position to assist in surgeon orientation. Proximal is to 
the right and distal is to the left. A single anterior portal and 
four posterolateral portals are planned. 
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Prone Position 


= Advantages 
= Not necessary to reposition patient for the posterior pro- 
cedure 
" No need for single-lung ventilation 
" Significantly decreased respiratory complications. Single 
double lung ventilation is used. 

= Disadvantages 
" Difficult to obtain an anterior release proximal to TS. 
" Conversion to open procedure is difficult. 

=" Approach 
" Placement of regular endotracheal tube 
" Double-lung ventilation with decreased tidal volumes 
(about 50% to 60% of normal) and increased ventilatory rate 
" Placement prone on a spine frame (FIG 4A,B) 
= Ensure access to the flank and chest. 
" Prepare and drape the back and the chest and flank 
(FIG 4C,D). 





FIG 4 e Prone positioning. A. Close-up view of the patient, who has a left thoracic scoliosis. The left flank and spine have been 
prepared. B. The position of the monitor on the opposite side of the patient is shown. C,D. Surgical setup for a prone endo- 
scopic release. C. View from behind the surgeons. The surgical assistant is on the opposite side of the operating table along 
with the monitor. The surgeon and first assistant are on the convex side of the patient—in this case, the left side. D. View from 
the opposite side: the surgeons are viewing the monitor. The primary surgeon and two assistants are operating. 





THORACOSCOPIC RELEASE AND FUSION FOR SCOLIOSIS 


Placement of Portals and 

Visualization 

= Place portals as anteriorly as possible, usually in the 
midaxillary line (TECH FIG 1A,B). 

= Insert the camera into the initial portal with the lens 
directed posteriorly (TECH FIG 1C). 

= Find a clear space between the posterior chest wall and 
the lung and advance the thoracoscope. 


Place a small, blunt-tipped cottonoid to retract the lung, 
to identify the spine and other anatomic structures. 
Place a fan retractor to fully retract the lung, if necessary 
(TECH FIG 1D). 

Place suction into the chest. 

Place working portal. 

Visualize the spine in the horizontal plane with the seg- 
mental vessels intact (TECH FIG 1E). 
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TECH FIG 1 e Prone anterior release. A. Skin markings are made to identify the left scapula and the four lateral 
portals. To the left is proximal. The most proximal portal usually gains access to the T5-6 disc when it is in the mid- 
scapular region, as shown. B. Following placement of the four portals, the thoracoscope is placed in the most 
proximal working portal with an electrocautery in the second portal, suction is in the third portal, and the fan re- 
tractor in the fourth portal. C. The first portal is placed first, as shown; in this illustration, it is the most proximal 
portal, to the left. The secondary portal is then placed approximately two fingerbreadths distally and in line with 
the first. D. A fan retractor is placed to gently push down on the atelectatic lung. Visualized here is the superior- 
most aspect of the chest. E. The spine is visualized in the horizontal plane. The segmental vessels are easily seen. 


Exposure and Disc Removal 





Incise the pleura along the mid-vertebral body line 
(TECH FIG 2A). 

Spare the segmental blood vessels to preserve perfusion 
to the spinal cord. 

Bluntly retract the pleura anteriorly and posteriorly 
(TECH FIG 2B). 

Incise the annulus fibrosis with the scalpel blade circum- 
ferentially from lateral rib head to near-opposite rib 
head (TECH FIG 2C). 

Break up the disc with disc shavers (TECH FIG 2D). 


Remove the disc material with a rongeur (TECH FIG 2E). 
Take down the endplate with a curved curette 
(TECH FIG 2F). 

Place Surgicel (Ethicon, Inc., Somerville, NJ) or other 
thrombotic agent. 

Remove the disc from all levels planned. 

Place bone graft if desired (TECH FIG 2G). 

Close the pleura using the Endostitch device (US Surgical, 
Warsaw, IN), running one suture from proximal and one 
from distal (TECH FIG 2H-J). 

Place a chest tube (TECH FIG 2K). 

Close the portal incisions. 


TECH FIG 2 © A. Using a curved electrocautery blade, the pleura is incised in 
the longitudinal fashion, sparing the segmental vessels. B. The parietal 
pleura is retracted anteriorly, as shown, to allow for complete access to the 
anterior longitudinal ligament, as well as the opposite annulus. The posterior 
pleura is also retracted. C. The annulus is incised parallel to the disc. D. Disc 
shavers are used to break up the disc material. (continued) 
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TECH FIG 2 « (continued) E. The disc material is removed with a rongeur. 
F. The endplate is taken down to bone with an angled curette. G. Bone graft 
is placed. H-J. The pleura is closed with an Endostitch device. H. Closure is 
started distally with a running suture. I. Final closure of the pleura, in which 
the proximal suture is brought to the distal suture. J. The pleura is closed 
nicely with a running suture. K. Placement of the chest tube at the comple- 
tion of the procedure, from distal to proximal. The lung is still deflated. The 
pleura, seen in the background, has been closed previously. 








PEARLS AND PITFALLS 





Portal placement = Placement of portals is key for visualization and achieving good discectomy. 
= Place the skin incision for the portal over a rib to allow the portal to be placed above and below 
the rib (two portals per skin incision). 
= Ensure that portals are neither too posterior nor too anterior. 


Preservation of segmental = Incise the pleura in a longitudinal fashion, staying superficial to the segmental vessels. 

blood vessels = Use a curved harmonic scalpel or electrocautery. 
= Incise any adventitial tissue adherent to the pleura over the disc to free up the parietal pleura. 
= Bluntly retract the pleura to gain access to the disc. 


Complete removal of the disc = Develop the same sequence for disc removal: 
1. Incise the disc with a scalpel blade. 
2. Break up disc material with shavers. 
3. Remove loosened disc material. 
4. Take down the endplates of the vertebral bodies with a curved curette. 
5. Remove excess endplate material. 


Pleural closure = Use the Endostitch device with 2-0 Vicryl suture. 
= Use two sutures: the first begins in the proximal aspect and is run distally, and the second is 
started distally and is run proximally. 


POSTOPERATIVE CARE =" Mobilize the patient to chair on postoperative day 1. 

= Chest tube management =" Mobilize the patient to ambulation when the chest tube is 
= Connect chest tube to wall suction. removed (usually postoperative day 2). 
" Obtain daily chest radiographs. =" Serial hemoglobin and hematocrit on postoperative days 
" The chest tube may be removed when drainage is less than 1 and 2 
80 mL over 12 hours and serous color returns (with good =" Advanced activities as tolerated to daily activities in the 


pleural closure, removal usually is done on the first day). initial 6 weeks 
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FIG 5 e The 2-year postoperative AP and lateral radiographs of 
the patient shown in Figures 1 and 2 demonstrated outstanding 
coronal and sagittal plane correction after prone thoracoscopic 
anterior release and fusion followed by a posterior spinal fusion 
and instrumentation from T2 to L2. 


= For the following 6 weeks, physical activities are advanced, 
depending on posterior constructs. 


OUTCOMES 


=" The addition of a thoracoscopic anterior release and fusion 
results in a decrease in pulmonary function in the first 6 weeks; 
however, at 1 year it is 30% above baseline. 

= Anterior release increases the flexibility of the spine and al- 
lows for great coronal, axial plane, and sagittal plane correction. 
=" With good surgical technique, an outstanding anterior release 
can be achieved and will allow for exceptional three-dimensional 
correction of the spine with posterior instrumentation and fusion 
(FIG 5). 


COMPLICATIONS 


= Single-lung ventilation 
" Intraoperative complications: inability to ventilate ade- 
quately secondary to ventilation-perfusion mismatches, high 


airway pressures and barotrauma, and underlying pul- 
monary issues 
= Postoperative complications: atelectasis secondary to 
barotrauma or mucous plugs 
" Continuous chest tube drainage, especially when the 
parietal pleura has not been closed 
=" Pneumothorax following chest tube removal 
= Intraoperative injury to the segmental blood vessels or the 
great vessels 
= Intraoperative injury to the thoracic duct, which usually oc- 
curs on the right side at the [11-12 area. This can be avoided 
by dissection deep to the parietal pleura. 
=" Chylothorax is treated with total parenteral nutrition and 
avoidance of a fatty diet. 
= Intraoperative excessive bleeding secondary to inadvertent 
segmental vessel injury. Strategies to coagulate the vessel are 
used, 
=" Long-term complications secondary to a thoracoscopic 
anterior release and fusion are limited. 
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Chapter 61 


DEFINITION 


=" Neuromuscular spinal deformity is a result of an abnormal 
neuromuscular system in childhood, as in cerebral palsy, mus- 
cular dystrophy, spinal muscular atrophy, and so forth. It may 
be related to a pathologic abnormality in muscle tone, motor 
control, or weakness or a combination. 

=" While neuromuscular scoliosis (coronal deformity) is the 
most common neuromuscular spinal deformity, sagittal plane 
deformity (hyperlordosis and hyperkyphosis) may also occur. 


ANATOMY 


=" The curve patterns of neuromuscular scoliosis are most 
commonly lumbar or thoracolumbar with associated pelvic 
obliquity (FIG 1). 

= Since many children are nonambulatory, associated pelvic 
obliquity affects sitting balance. 

=" Ambulatory neuromuscular patients often have decompen- 
sation, with the inability to center their head over the center 
sacral line. 


PATHOGENESIS AND NATURAL 
HISTORY 


= The biologic basis of scoliosis or sagittal plane spinal defor- 
mity in neuromuscular disorders differs depending on the 
cause of the specific neuromuscular disease. In general, how- 
ever, most neuromuscular spinal deformities are largely due to 
muscle imbalance (low tone or high tone) and abnormal pos- 
tural reflexes. 

=" The natural history of neuromuscular scoliosis is usually 
that of slow progression, beginning with the development of a 
flexible scoliosis in middle childhood and the more rapid de- 
velopment of a more fixed scoliosis during the adolescent 
growth spurt. Some neuromuscular conditions are associated 
with a more progressive scoliosis than others. 

=" The clinician must weigh the progressive characteristics of 
scoliosis within each neuromuscular disease with the natural 
history of the disease itself when deciding on treatment. 

= The pathogenesis and natural history of some of the more 
common disorders associated with neuromuscular spinal de- 
formity and spinal deformity within the disease follow. 


Cerebral Palsy 


=" Cerebral palsy is a heterogeneous disorder that is character- 
ized by a static lesion (eg, injury, congenital defect) to the imma- 
ture motor cortex of the brain. In modern society, it has become 
the most common cause of neuromuscular spinal deformity. 

=" The natural history of neuromuscular scoliosis in cerebral 
palsy is frequently that of progression. The rate of progres- 
sion can be very severe in adolescent years (2 to 4 degrees 
per month). 

= Progression also occurs after skeletal maturity, and in curves 
greater than 40 degrees it may occur at a rate of 2 to 4 degrees 


per year.’° 


Unit Rod Instrumentation for 
Neuromuscular Scoliosis 
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=" Curves in the 60- to 90-degree range begin to affect sitting, 
arm control, and head control. Further progression may pre- 
vent the child from sitting in an upright position. 

=" Conservative treatment with chair modifications and brac- 
ing is only a temporary treatment and does not stop curve pro- 
gression. Conservative treatment is especially helpful in the 
younger child with a flexible scoliosis to temporarily maintain 
upright sitting posture. This will allow the spine to grow to its 
maximum size so that the resulting fusion can correct the 
spinal deformity without limiting growth. 


Muscular Dystrophy 


=" Duchenne muscular dystrophy is a sex-linked recessive dis- 
order involving a defect on the Xp21.2 locus of the X chromo- 
some resulting in a marked decrease or absence of the protein 
dystrophin.° 

= Affected children become progressively weaker with age, 
eventually becoming nonambulatory. 

=" Death typically occurs in the second or third decade 
secondary to pulmonary or cardiac failure. 

= Scoliosis is almost universal when the child becomes non- 
ambulatory, and curve progression correlates strongly with a 
decline in respiratory function. 

= The prevalence of scoliosis approaches 100%.'* For this 
reason, surgery is done soon after the child becomes nonam- 
bulatory, before an irreversible decline in forced vital capacity 
occurs. 


Myelomeningocele 


=" Myelomeningocele, a congenital malformation of the ner- 
vous system, is due to a neural tube defect and results in a 
spectrum of sensory and motor deficits. 





A 


FIG 1 © Typical neuromuscular curve pattern in a child with 
quadriplegic-pattern cerebral palsy. A. Radiograph of long tho- 
racolumbar curve with pelvic obliquity. B. Clinical picture of this 
child with poor sitting balance. 
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=" While the level of the spinal cord defect influences the clini- 
cal presentation of the disease, neurologic deterioration may 
occur at any age owing to hydrocephaly, hydrosyringomyelia, 
Arnold—Chiari deformity, and tethered cord syndrome. 

= In general, the higher the level of the defect, the higher the 
prevalence of scoliosis. Almost 100% of thoracic-level para- 
plegic patients will develop scoliosis.*” 

=" A long C-shaped curve is associated with a high level of 
paralysis and usually occurs at a young age. 

=" Hydromyelia and tethered cord syndrome may also be asso- 
ciated with scoliosis and should be suspected if the scoliosis 
onset is more sudden and associated with other symptoms of 
acute neurologic deterioration. 

= Bracing in younger children can be attempted to slow pro- 
gression, but it does not stop eventual progression. 


Spinal Muscular Atrophy 


= This condition is an autosomal recessive disorder resulting 
in spinal cord anterior horn cell degeneration. Two genes on 
the chromosome 5q locus have been found to be associated 
with this disorder: survival motor neuron gene (SMN) and 
neuronal apoptosis inhibitory gene (NAIP).!° 
= Clinically, progressive muscular weakness occurs, and even- 
tual pulmonary compromise is common. 
= Three forms of this disease exist: 

= Type 1 (early, acute Werdnig—Hoffmann) 

" Type 2 (intermediate, chronic Werdnig—Hoffmann) 

= Type 3 (late, Kugelberg—Welander type) 
=" Most children with the early form of the disease die at an 
early age and therefore do not require treatment. 
=" Most children with the intermediate and late type who 
survive into adolescence develop a progressive spinal defor- 
mity. The curvature typically starts in the first decade. 
Thoracolumbar and single thoracic patterns are most common. 
=" One third of patients have an associated kyphosis in the 
sagittal plane. Bracing is ineffective at preventing curve pro- 
gression but may delay progression in the very young patient 
to allow further growth of the spine.’ 


Friedreich Ataxia 


=" This autosomal recessive disorder results in a slowly pro- 
gressive spinocerebellar degeneration. A defect on chromo- 
some 9 has been identified. 
=" The incidence of scoliosis is 100%, and progression is re- 
lated to the age of disease onset. When disease onset is prior to 
age 10 years and scoliosis onset is before 15 years, scoliosis 
progression is usually greater than 60 degrees. 
=" Progressive scoliosis requiring surgery is present in about 
50% of patients.” 
" Curve patterns are similar to idiopathic scoliosis: double 
major, single thoracic, and thoracolumbar. 
= Orthotic treatment may slow, but usually does not prevent, 
progression. 


Rett Syndrome 


=" This is an X-linked disorder that affects females almost 
exclusively. Some children have a mutation on the MECP2 
gene.'’ The child’s development is normal until 6 to 18 months 
of age, followed by a rapid deterioration in cognitive and 
motor function. 

=" After the initial deterioration in function, the neurologic 
picture may become relatively static for years. The clinical 


spectrum is variable, with some children remaining ambula- 
tory and others becoming wheelchair-bound. 

= Rett syndrome may be mistaken for cerebral palsy. 

= Scoliosis has been reported in up to 80% of patients.° 

=" A long C-shaped thoracolumbar pattern is common. Bracing 
is typically ineffective and curve progression is common. 
Surgical stabilization allows maintenance of sitting balance. 


Spinal Cord Injury 


= Spinal cord injury in the skeletally immature child is associ- 
ated with a nearly 100% incidence of scoliosis.” 

=" The predominant curve type is a long C-shaped curve. The 
younger the child, the higher the progression. 

=" Prophylactic bracing may be effective in smaller curves 
(under 20 degrees). There are no data to support that bracing 
is effective in preventing progression in established curves 
greater than 20 degrees. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= The medical history is critical for this group of patients. 
" In patients with cerebral palsy, the medical history corre- 
lates very strongly with postoperative complications. This 
appears to be true also in patients with Duchenne muscular 
dystrophy and spinal muscular atrophy. 
=" Important historical information includes respiratory 
status, cardiac status, gastrointestinal status (eg, gastroe- 
sophageal reflux, nutritional intake), and the presence of a 
seizure disorder. 
=" Physical examination should assess sitting or standing bal- 
ance, the pelvic obliquity, and curve magnitude and stiff- 
ness (including the curve’s coronal, sagittal, and rotational 
components). 
" Coronal plane stiffness is best assessed by performing the 
side-bending test (FIG 2). 
= The physician should also assess for the possible coexistence 
of hip subluxation or dislocation, which is common in many 
neuromuscular diseases. 
=" A complete neurologic examination should also be performed. 





FIG 2 « Side-bending test. Patient is being bent over the ex- 
aminer’s thigh at the apex of the curve. If the patient’s curve 
reverses and the pelvis levels to perpendicular to the trunk, 
the curve is still flexible enough to correct through posterior 
fusion and instrumentation alone. If not, an anterior release is 
performed. 
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IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Anteroposterior (AP) and lateral radiographic views should 
be obtained to assess the Cobb angle and pelvic obliquity in 
the coronal plane, and lumbar lordosis and thoracic kyphosis 
in the sagittal plane. 

= If intraspinal pathology is suspected, especially in the ambu- 
latory patient, a preoperative magnetic resonance imaging 
(MRI) scan should be obtained. 


DIFFERENTIAL DIAGNOSIS 


= Some neurologic diseases can look similar. 
= It is important to diagnose progressive neurodegenerative 
disorders in which mortality from the disease is more rapid 
than the progression of the spinal deformity. 


NONOPERATIVE MANAGEMENT 


=" While there was initially some historical enthusiasm for the 
treatment of neuromuscular scoliosis with casting or bracing, 
orthotic management has been found to have little or no im- 
pact on neuromuscular deformity. 

=" Flexible curves in younger children may require seating 
modifications (hip guides and offset lateral seat supports) or a 
soft thoracolumbar orthosis to maintain balanced seating until 
the child is at optimal sitting height. 

=" Orthotic treatment does not affect the rate and eventual 
progression of neuromuscular scoliosis. 


SURGICAL MANAGEMENT 
Indications 


= The indications for spinal fusion in neuromuscular scoliosis 
depend largely on the natural history of the specific neuromus- 
cular disease and the natural history of the scoliosis within the 
specific disorder. 

=" Examples of two neuromuscular diseases with different indi- 
cations are Duchenne muscular dystrophy and cerebral palsy. 


Duchenne Muscular Dystrophy 


= The major comorbidity in Duchenne muscular dystrophy is 
a restrictive type of pulmonary involvement, with forced vital 
capacity dropping dramatically with scoliosis progression. 

=" Due to the natural history, the indication for fusion is a 
scoliosis curvature greater than 25 degrees and forced vital 
capacity greater than 35%. 


Cerebral Palsy 


= The indications for spinal fusion in children with cerebral 
palsy are a scoliosis curve magnitude approaching 60 degrees 
in the older child, especially if the curve is becoming stiff by 
physical examination. 

= Surgical correction is indicated when the child is not tolerat- 
ing seating with a combination of either seating adjustments or 
a soft orthosis. 

= Less commonly, sagittal plane spinal deformity, hyperlordo- 
sis, and kyphosis will cause seating problems or back pain. 
Cerebral palsy patients with sagittal plane spinal deformity of 
70 degrees or more causing seating difficulties or back pain 
can also benefit from surgical correction.* 

= Typically during the middle part of adolescent growth, the 
scoliosis becomes much larger and begins to progress and stiffen. 
Surgical instrumentation and fusion is recommended at this time. 


Preoperative Planning 
Technical Considerations 


= Two main technical preoperative questions require careful 
consideration: 

= Ts fusion to the pelvis necessary? 

= Is an anterior release (discectomies around the stiff por- 

tion of the curve) necessary? 
=" The only treatment that has made a definitive impact on 
neuromuscular spinal deformity is instrumentation and fusion. 
= The standard surgical procedure for neuromuscular scolio- 
sis is a posterior spinal fusion with segmental instrumentation 
from T1 or T2 down to the sacrum if there is pelvic obliquity. 
= Even if the pelvis is not involved in a severely involved non- 
ambulatory patient or an ambulatory patient with a poor 
“righting reflex,” the surgeon should still consider fusion to 
the pelvis to prevent the development of late pelvic obliquity. 
=" Some children with Duchenne muscular dystrophy who 
have no pelvic obliquity are an exception and can be treated 
with fusion ending at LS. 
=" The gold standard for neuromuscular scoliosis is Luque rod 
instrumentation (with Galveston extension for the pelvis), cross- 
linkage to prevent rod shift and rotation, and sublaminar wires. 
=" The unit rod incorporates these concepts into one instru- 
mentation system”*'”>!% (FIG 3A,B). 
=" The unit rod has a prebent sagittal contour and comes in 
sizes of 250 mm to 450 mm. Both quarter-inch and 3/16-inch- 
diameter rods are available. The quarter-inch rod should be 
used whenever possible, reserving the 3/16-inch rod for pa- 
tients with a very thin gracile pelvis. 
= Some surgeons are using pedicle screws for segmental fixa- 
tion, especially if there is a severe rotational component to the 
curvature. Caution should be taken when the bone is severely 
osteopenic, as the pedicle screws may pull out of the bone. 





FIG 3 e A. The unit rod is available commercially in a range of 
sizes. B. Drill guides are provided for placement of the pelvic 
limbs as well as the impactor and pusher for the rod. (continued) 
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FIG 3 ° (continued) C-E. Cantilever effect of the rod correcting pelvic 
obliquity and scoliosis. The rod is gradually pushed to each vertebra and 
each wire is tightened, gradually correcting the deformity using 


transverse forces. F. Anterior release: wedge resections of the discs are 
performed around the apical vertebrae if the spinal deformity is stiff. 


= The unit rod is especially powerful as a cantilever to correct 
pelvic obliquity (FIG 3C-E). 
= Anterior release for scoliosis is required for larger stiff 
curves that do not bend out on the bending test (generally 
greater than 90 degrees) (FIG 3F). 
= Anterior release is also recommended for severe hyperlor- 
dotic and hyperkyphotic spinal deformities.® 


Other Preoperative Considerations 


= The general medical condition of the child should always 
be considered first. Many children with neuromuscular 
conditions will have comorbidities such as pulmonary dis- 
ease, cardiac disease, seizure disorder, poor nutrition, and so 
forth. 
= All patients with complex preoperative medical condi- 
tions should have the appropriate preoperative workup. 
= The surgeon and anesthesiologist should plan for the possi- 
bility of large intraoperative blood loss. 
" Type- and cross-matched blood (up to twice the patient’s 
blood volume), fresh-frozen plasma, and platelets should be 
available. 
" Good vascular access is required, often through central 
venous access. 
= Another consideration is the use of spinal cord monitoring, 
the role of which is unclear in many patients with neuromus- 


cular scoliosis. On the one hand, most children with neu- 
ropathies and myopathies can be monitored, while most se- 
verely retarded quadriplegic cerebral palsy patients with poor 
motor function cannot be reliably monitored. In addition, it is 
hard to justify removing implant hardware if there are signal 
changes in the child with minimal motor function since the 
risk of a repeat operation to reimplant hardware is quite high 
in this population. 
" Asa general rule, any child with ambulatory or functional 
standing (able to assist with standing transfers) should have 
somatosensory and motor evoked potential monitoring at- 
tempted. There may also be some efficacy in monitoring 
neuromuscular patients with intact sensation and bowel and 
bladder control. 
= A final preoperative consideration is the bone density of the 
child undergoing spinal fusion. The child who is non- 
ambulatory, poorly nourished, and on seizure medication is at 
highest risk. Children with low bone density may be difficult 
to instrument owing to the possibility of sublaminar wires 
pulling through or screws pulling out of osteopenic bone. 
" Any nonambulatory child with a history of low-impact 
long-bone fracture should be checked for low bone density 
using dual-energy x-ray absorptiometry (DEXA scan). 
= Children on seizure medication should have calcium, 
phosphorus, and vitamin D levels measured. 
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FIG 4 e Positioning the patient should leave the abdomen free and minimize lumbar lordosis by allow- 
ing the knees to hang low to optimize pelvic limb placement. If necessary, an unscrubbed assistant can 
push up on the abdomen (arrow in A) to aid in the pelvic limb insertion with severe lordosis. 


" Patients with bone density two or more z-scores below the 
mean should be considered for treatment using intravenous 
pamidronate. 


Positioning 
=" The patient is positioned prone on a Jackson table (a 


Relton—Hall frame can also be used) with the abdominal area 
free (FIG 4), 


EXPOSURE 


= A posterior approach to the spine is performed from T1 
to the sacrum. 

= A complete subperiosteal exposure of each vertebra is 
performed, followed by exposure of the outer wing of 


PELVIS PREPARATION 


=  Adrill hole is made between the outer and inner cortex 
of the ilium with a drill bit. Before drilling, the drill bit is 
marked 10 mm past the drill guide’s hook for the sciatic 
notch in children less than 45 kg and 15 mm past the 
hook in children greater than 45 kg. 

= ~The right or left drill guide is next inserted into the right 
or left sciatic notch, respectively. 





" We have adapted special radiolucent posts for the table 
that can be spaced at a narrower distance compared to the 
standard posts. 
= The hips and knees are bent to minimize lumbar lordosis 
and to optimize insertion of the limbs of the rod into the 
pelvis. All bony prominences should be well padded with 
egecrate foam. 
=" Many children with cerebral palsy have significant contrac- 
tures, making their extremities hard to position. They should 





be positioned with minimal tension on the joints. 


each iliac crest down to the sciatic notch and the bottom 
tips of the posterior superior iliac spines. 


=" The lateral handle of the drill guide is placed parallel 
to the pelvis (iliac crests) while the axial handle is held 
parallel to the body axis. 

The pelvis is drilled from the inferior tip of the posterior su- 

perior iliac spine in a line just superior and anterior to the 

sciatic notch, where the bone is densest (TECH FIG 1).'' 

The hole is probed to make certain that the pelvic cortex 

or the sciatic notch is not penetrated. 

The drill hole can be temporarily packed with Gelfoam to 

control bleeding. 





TECH FIG 1 © A. Optimal drill hole placement anterior and 
superior to the sciatic notch. B. With severe lordosis, the 
drill hole starting point is more anterior and aims more 
posterior. 
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LUQUE WIRE PASSAGE 


After the spine is completely exposed and pelvis is pre- 

pared, the spinous processes are completely removed 

and the ligamentum flavum is carefully removed to ex- 

pose the sublaminar spaces. 

Double Luque wires are bent (prebent wires are also 

available) and passed under the lamina from the lamina 

of L5 up to and including the T1 lamina. 

=" The radius of curvature for the wire bend must ap- 
proximate the width of the laminae to allow safe pas- 
sage of the wire. 


Two double wires are passed at the L5 and the T1 lamina 

only, while a single wire is passed at each of the other 

levels (TECH FIG 2A-E). 

Wires are pulled to equal length and next bent, with the 

midline bent flat down onto the spinous process beds 

and the beaded end flat down onto the paraspinous 

muscles (TECH FIG 2F). 

=" This helps the wires from getting inadvertently 
pushed into the spinal canal and allows for easier wire 
organization. 
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TECH FIG 2 © When passing wires, it 
is important to roll the wires under 
the lamina (A-D), being careful not 
to catch the tip under the lamina 
(E), which will lever the wire into the 
canal and place pressure on the spinal 
cord. F. Wires are bent down to the 
midline in the middle and the ends 
are bent down flat against the 
paraspinous muscles. 
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ROD SELECTION AND INSERTION 


After the wires are passed, the length of the unit rod is 

selected. 

This is done by placing the rod upside down with the cor- 

ner of the rod placed at the drill hole on the elevated 

side of the pelvis (TECH FIG 3A). 

= The proper-length rod should reach T1 (TECH FIG 3B). 

" A rod one length shorter should be chosen if there 
is severe kyphosis because the spine shortens with 
correction. 

= With severe lordosis, a rod one length longer should be 
chosen because the spine lengthens with correction. 

It is best to err on the side of the rod being too short be- 

cause the wires can be brought down to the rod several 

levels if necessary. 

If the rod is more than 2 cm long, it may be too promi- 

nent under the skin. 

= In such cases, cutting the rod and cross-linking the rod 
may be advisable. 

Facetectomy and decortication of the transverse processes 

are performed. Corticocancellous allograft (crushed) bone 

is added (about 180 to 240 mL). 





Insertion of the rod involves crossing the pelvic limbs of 
the rod to insert them into the previously drilled pelvic 
holes (TECH FIG 3C). 

In patients with pelvic obliquity, the pelvic limb of the 
rod is placed into the drill hole on the low side of the 
pelvic obliquity first, with this side crossed underneath 
the other limb. 

With the rod impactor, the surgeon inserts half to three 
quarters of this pelvic limb of the rod first and then in- 
serts the opposite pelvic limb, using a rod holder to di- 
rect it into the correct direction of the previously drilled 
hole. 

The rod impactor is next used to drive limbs into the 
pelvis, alternatively impacting each pelvic leg and mak- 
ing certain to direct each of the legs in the direction of 
the previously drilled holes. 

At this point, intraoperative fluoroscopy should be used 
to confirm the correct placement of the rod limbs within 
the pelvis. 

Caution: The surgeon should not try to see if the rod fits 
by pushing it down into the wound completely in one 





TECH FIG 3 e A. Measuring for the proper rod length is one 
of the most difficult aspects of the surgery and is done by 
turning the rod upside down and placing the top of the rod 
at T1 and the bottom corner of the rod at the drill hole in the 
pelvis. B. The spine shortens (top) as kyphosis is corrected and 
lengthens (bottom) as excessive lordosis is corrected to nor- 
mal (center). (continued) 
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TECH FIG 3 e (continued) C. The pelvic limbs of the unit rod are 
crossed to insert them into the drill holes into the pelvis. They 
are gradually impacted 1 cm at atime, alternating between the 
right and left limbs, until each is completely within the pelvis. 
D. The rod is manually pushed down at each level with a rod 
pusher before tightening the wires. This is important to pre- 
vent wire breakage or cutout through the lamina. It is impor- 





Cc tant to keep the center of the unit rod at the spinous process. 
move, as this may cause either the pelvic limbs of the rod = Now the rod is pushed to L4 and the wires are twisted 
to pull out of the pelvis or fracture of the ilium. and cut. 
= The surgeon should push the rod to line up with = Next the rod is pushed to L3 and the wires are twisted 

the L5 lamina only and then twist the wires (we and cut. 
suggest a jet wire twister). The wires are cut 10 to = This process continues one level at a time until the 
15 mm long. surgeon reaches T1 (TECH FIG 3D). 





COMPLETION AND WOUND CLOSURE 


= All wires are bent down into the midline of the rod 
and directly caudally. This allows easier exposure of 


= The sacral lamina and lateral processes can be com- 
pletely removed if they are severely prominent. 


the rod and wires if reoperation should ever become 


necessary. 

The remaining bone graft is applied (TECH FIG 4A). 

= We mix the last 60 cc of allograft with four 80-mg 
vials of gentamicin. This has lessened the postopera- 
tive infection rate. 

If the child is thin and the sacrum is prominent, the sacral 

spinous processes and lateral processes are trimmed. 


The fascia is closed tightly. 

= No drain is used. 

The subcutaneous tissue and skin are meticulously closed. 
Final radiographs are taken to confirm coronal and sagit- 
tal alignment (TECH FIG 4B-D). 

In patients with hyperlordosis, pedicle screws with reduc- 
tion posts are useful in the apex of the sagittal plane de- 
formity to aid in the correction (TECH FIG 4E,F). 






TECH FIG 4 « A. Wires are passed and then twisted in a 
clockwise direction (7). Wires are cut about 1 cm and then 
bent to the midline (2). Allograft bone (yellow) is placed 
out laterally along the transverse processes and is im- 
pacted into the facet joints after facetectomy (3). B. AP ra- 
diograph of the patient in Figure 1 shows postoperative 
correction of coronal plane deformity. (continued) 
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TECH FIG 4 e (continued) Clinical photographs show correction of pelvic obliquity (C) and good sagittal 
plane alignment (D). Preoperative (E) and postoperative (F) lateral radiographs of patient with severe hy- 
perlordosis corrected with unit instrumentation and pedicle screws used to correct lordosis in the apex of the 


deformity. 





PEARLS AND PITFALLS 





Severe intraoperative hypotension 
may suddenly occur, especially 
after decortication. 


Hypothermia 


Excessively stiff scoliosis or 
accompanying sagittal plane 
deformity (hyperkyphosis or 
hyperlordosis) 


Rod insertion 


Pelvic insertion of rod limb in severe 
lordosis 


Misjudgment of rod length 


Wires cut through lamina 


= Constant communication between the surgeon and the anesthesiologist is critical. 
Type and cross-matched packed red blood cells (1.5 to 2 times blood volume), 
fresh-frozen plasma, and platelets should be available. 


= Hypothermia can be avoided by keeping the room temperature high and using a 
heated ventilator, a warmer for intravenous fluids and blood, and an airflow heating 
device. 


= The surgeon should recognize stiffness preoperatively on the physical examination or 
bending radiographs to plan for anterior release. 


= Using the wires to pull the rod down to the lamina may cause the wires to cut through 
the lamina. 

= Relaxing the push on the rod between levels while correcting the major curve may 
cause an “unzipper” effect, with several wires tearing through laminae or breaking 
from too much force on the end vertebrae. 

= The surgeon should use a rod holder to prevent the pusher from slipping off the rod as 
the top of the rod is approached. 

= The force from pushing may become large, preventing the patient from being venti- 
lated or causing a drop in blood pressure. If this occurs, the surgeon should relax the 
push on the rod just enough to allow ventilation and return of pressure. 


® Difficulty occurs as the surgeon attempts to insert the pelvic limb of the rod and cannot 
get the rod anterior enough to steer the rod into the drill holes. This may allow the rod 
to perforate into the sciatic notch or through the inner pelvic table. 

® Intraoperative fluoroscopy should be used to check proper placement of the pelvic limbs. 
If pelvic penetration of the rod occurs, the penetrated rod limb should be cut, reinserted 
into the pelvis, and reconnected with an end-to-end or side-to-side connector. 


= If the rod is too long and prominent, both rods can be cross-linked together and then 
cut at the T1 vertebrae. If the rod length is misjudged too short by more than two lev- 
els, the top of another unit rod can be connected with end-to-end connectors. This is 
important when there is excessive kyphosis to prevent drop-off of the spine over the 
top of the rod. 


=# Only enough bone should be removed to allow wires to pass through the sublaminar 
space. Wires should not be used to pull the rod to the laminae. This may also be due to 
inadequate anterior release in a stiff deformity. 
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POSTOPERATIVE CARE 


=" Neuromuscular patients are managed in the intensive care 
unit postoperatively. 
" Most children remain intubated and are ventilated over a 
2- to 5-day period. This allows for easier respiratory man- 
agement and pain management. 
=" Core body temperature should be increased to 37°C and 
maintained. Blood clotting is impaired by low body temper- 
ature below 33°C, which can easily develop in this patient 
population. 
= Hypertensive episodes are avoided by maintaining increased 
fluid intake and pressor support as needed. Urine output 
should be maintained at a minimum of 0.5 cc/kg/hour. 
=" Most children require aggressive postoperative nutritional 
support with central hyperalimentation. 
" Typically, a tunneled central venous catheter (Hickman) 
is placed at the time of surgery. 
" Gastrostomy tube feedings can be started as soon as 
bowel sounds are present. 
" Gastrojejunostomy or nasojejunostomy tubes may be 
started as an alternative to hyperalimentation. 
= Pancreatic enzyme levels are monitored carefully postopera- 
tively, as elevated amylase and lipase levels are common and 
indicative of subclinical pancreatitis. 
= Oral or gastrostomy feedings should be delayed if these 
values are increasing above normal. 
= Adequate nutritional intake for optimal wound healing usu- 
ally requires about 1.5 times the child’s normal preoperative 
requirements and is continued up to 1 month postoperatively. 
= Proper wheelchair assessment postoperatively is also 
important. 


OUTCOMES 


=" Unit rod instrumentation achieves a scoliosis correction of 
70% to 80% of the preoperative curve magnitude and an 80% 
to 90% correction of pelvic obliquity.* 

= In a subset of 24 ambulatory cerebral palsy patients who un- 
derwent posterior spinal fusion with unit rod instrumentation, 
all patients had preservation of their ambulatory status.*° 

= Sagittal plane spinal deformity is also well corrected with 
unit rod instrumentation. Lipton et al* showed relief of symp- 
toms and correction of sagittal plane spinal deformity in 24 
cerebral palsy patients with hyperlordosis and kyphosis after 
unit rod instrumentation. 

= In one survey of 190 parents and caretakers assessing func- 
tional improvement of children with cerebral palsy after poste- 
rior spinal fusion, 95.8% of parents and 84.3% of caretakers 
would recommend spinal surgery again.'* Positive responses 
included improved appearance, overall function, quality of life, 
and ease of care. 

=" Overall life expectancy of the cerebral palsy child after pos- 
terior spinal fusion is also critically important. A survival 
analysis showed that the presence of severe preoperative tho- 
racic hyperkyphosis and the number of postoperative days in 
the intensive care unit correlated with decreased life ex- 
pectancy after evaluating a number of variables.'” 


COMPLICATIONS 


=" Complications are common but are usually not life-threatening 
and range from minor to major. They include excessive intraop- 


erative bleeding, neurologic complications, atelectasis, pneumo- 
nia, prolonged postoperative ileus, pancreatitis, wound infection, 
and so forth. 

=" Mechanical or technical complications also occur and in- 
clude rod or wire prominence, pseudarthrosis, rod penetration 
through the pelvis, curve progression after fusion due to 
crankshafting, and so forth. 

= In one study, the curve magnitude, preoperative pulmonary 
status, and degree of neurologic involvement had the highest 
correlation with postoperative complications.” 
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Growing Rod Instrumentation 
for Early-Onset Scoliosis 


Victor Hsu and Behrooz Akbarnia 


DEFINITION 


= Early-onset scoliosis (EOS) is defined by the diagnosis of 
scoliosis at or before the age of 5 years. 
= The many etiologies of EOS include: 
" Congenital vertebral or spinal anomalies: eg, vertebral 
bars, hemivertebrae, syrinx, tethered cord 
=" Neuromuscular diseases: eg, cerebral palsy, spinal dys- 
raphism, muscular dystrophy 
= Syndromes associated with scoliosis: eg, neurofibromatosis 
= Tdiopathic causes 
=" Age of onset is an important aspect of pathology, because 
progressive curves can be associated with growth disturbances 
as well as cardiopulmonary compromise, including restrictive 
lung disease and pulmonary hypertension. 


ANATOMY 


=" Two periods of increased growth velocity are associated 
with increased incidence of curve progression. The first occurs 
from birth to 5 years of age; the second includes the adolescent 
growth spurt occurring after age 10 until just before skeletal 
maturity. 

=" The growth velocity from T1 to L5 is greatest from birth 
until the age of 5. Increases in height during this period 
average 2 cm per year, and by the age of 5, two thirds of the 
final sitting height is achieved. The years between 5 and 
10 years of age exhibit much less growth. Finally, the adoles- 
cent growth spurt causes another increase in growth velocity, 
at a slower rate than the first growth spurt. 

= The increased spinal growth during the first years of life is 
paralleled by an increase in thorax and lung dimension. 
Thoracic volume at birth is about 5% of the adult volume; by 
5 years of age, it equals 30% of adult volume. A slower rate 
of thoracic growth occurs from 5 to 10 years of age, by which 
time it has reached 50% of the adult volume. The final 50% 
of adult volume is achieved during the adolescent growth spurt 
from 10 to 15 years of age. 

=" Lung development also occurs rapidly during the first year 
of life, and by age 8, most alveolar growth and respiratory 
branching has occurred. 


PATHOGENESIS 


= The pathogenesis of EOS depends on its etiology. Vertebral 
anomalies cause scoliosis by an imbalance in bone growth, 
whether an increase on a side associated with a hemivertebrae, 
or retardation on the side associated with a vertebral bar. In 
neuromuscular and central nervous disorders, an imbalance in 
muscular forces is the pathogenesis, likely following the 
Heuter-Volkmann principle. 

= The etiology and pathogenesis of infantile idiopathic scolio- 
sis (IIS) (0-3 years of age) is, by definition, unknown. There 
probably is a genetic component that provides a susceptibility 
to develop scoliosis. The external factors needed to produce 


the scoliosis are not yet clearly delineated but may include in- 
trauterine molding as well as infant positioning. The etiology 
of IIS most likely differs from that of adolescent idiopathic 
scoliosis (AIS). 


NATURAL HISTORY 


= The natural history also depends on the etiology. The natural 
history of EOS due to IIS is favorable when compared with 
late-onset scoliosis (LOS). Spontaneous resolution occurs in a 
large number of patients. Progression of congenital curves 
depends on the type of anomaly and growth potential. EOS due 
to neuromuscular etiologies usually follows the natural history 
of the disease in addition to specific problems associated with 
progressive curves in this age group. 

= Regardless of the etiology, progression of scoliosis during the 
first 5 years of life adversely affects growth as well as pulmonary 
function. Scoliosis inhibits the growth of both the alveoli and 
the pulmonary arterioles, causing ventilation defects. The scoli- 
otic spine does not distort the architecture of the alveoli; rather, 
the total number is decreased significantly and is directly pro- 
portional to the age of onset. The earlier the onset of scoliosis, 
the more hypoplastic the lung is, with a diminution of alveoli 
greater than would be expected from just a lack of space. 

= Patients with EOS also may suffer from a restrictive pattern 
of pulmonary dysfunction. Lung compliance is reduced, with 
an associated decrease in total lung capacity as well as vital 
capacity. In contrast to patients with LOS, the severity of 
scoliosis in EOS is proportional to the severity of restrictive 
disease. The restrictive lung disease causes hypoventilation 
and vasoconstriction of the pulmonary tree and leads to 
pulmonary hypertension. EOS is associated with a higher risk 
of cardiopulmonary decompensation in middle-aged patients, 
which can lead to disabling and even fatal respiratory failure. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Evaluation of the patient with EOS includes a complete 
history, including the family history, prenatal history, birth 
history, and developmental history. IIS has been associated 
with breech presentation and, in boys, with premature birth. 
Curve progression also has been correlated with cognitive 
delay, so it is important to ask parents about the achievement 
of developmental milestones. 

=" The physical examination of EOS heavily relies on the 
perceptive capabilities of the clinician and is the same exami- 
nation that is performed on all scoliosis patients. After a care- 
ful history has already been obtained, a thorough physical 
examination, including inspection, palpation, motor testing, 
sensory testing, and reflex testing is necessary. 

=" Inspection includes observation of gait, respiration, truncal 
and pelvic balance in the coronal and sagittal planes, cutaneous 
lesions, and any prominence on forward bending. Any deficits in 
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motor, sensory, or reflex function, including abdominal reflexes, 
may indicate central nervous system pathology and should be 
thoroughly evaluated with advanced diagnostic studies. 

= Flexibility of the curve can be assessed either by the manual 
application of traction through the cervical spine or by apply- 
ing a three-point bending force at the apex of the curve. 
Examination techniques unique for early-onset scoliosis include 
the thumb excursion test for thoracic expansion and sitting 
height measurement. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= All patients should have full-length standing anteroposterior 
(AP) and lateral radiographs (FIG 1A,B) covering the cervical 
spine to the pelvis, including the entire thorax. For patients 
who are unable to stand, supine radiographs encompassing the 
same area should be taken. 
= The cervical spine, lumbosacral spine, pelvis, and hips all 
may need to be studied to elicit whether or not developmen- 
tal hip dysplasia or other vertebral anomalies are contribut- 
ing to the scoliosis. 
" Side-bending or traction radiographs are necessary to help 
delineate the degree of flexibility of the curves. 
" Similar to LOS evaluation, the Cobb technique is used to 
measure any curve by measuring the angle created by a line 
through the superior endplate of the most cranial vertebra 
and a line through the inferiormost point of the most caudal 
endplate. This should be done in both the coronal and sagit- 
tal planes and compared to normal values. These angles can 
be used to measure progression of the curve with successive 
visits but are subject to a small amount of user error vari- 
ability between 5 to 6 degrees. 
" Spinal height is obtained by measuring the distance from 
the top of T1 to the top of $1 on the AP view of the spine 
(FIG 1C). 





=" Coronal balance is measured by the distance from the 
center of C7 to a line drawn up from S1. 
" The sagittal balance is measured from the posterior-cranial 
corner of $1 to a line drawn down from the center of C7. 
= All of these measurements should be recorded and com- 
pared on successive visits to document any change in curve 
magnitude or growth of the spine. 
= The rib-vertebral angle difference of Mehta (RVAD; FIG 2), 
first described in 1972, measures the amount of rotation at the 
apex vertebra and has some prognostic value.° 
" The angles formed by a line perpendicular to the vertebra 
and a line drawn down the center of the rib is compared 
between the convex and concave side. If the difference cal- 
culated by subtracting the convex angle to the concave angle 
is 20 degrees or less, there is an 85% to 90% chance the 
curve will resolve; when there is a difference of 21 degrees 
or more it will likely progress. 
= The phase of the rib head also is described by ascertaining 
whether the head of the convex rib overlaps the vertebral 
body. 
If there is no overlap (phase 1), then the RVAD is 
calculated as previously mentioned. 
If there is overlap (phase 2), the risk of progression is 
high, regardless of RVAD. 
=" Another method of evaluating rotation is the Nash-Moe 
method (FIG 3). Evaluating the pedicles of the apical vertebra 
at the convexity, the distance of the pedicle on the convex side 
is measured. 
= Zero: the pedicles are equidistant from the sides 
" Grade 1: the concave pedicle is partially obscured, and the 
convex pedicle moves away from the edge toward the center 
" Grade 3: the convex pedicle is in the midline of the verte- 
bral body. 
" Grade 2: between grades 1 and 3 
" Grade 4: the convex pedicle lies past the midline. 
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FIG 1 e A. Lateral radiograph of a neuromuscular patient with early-onset scoliosis. B. AP radiograph with space 
available for the lung (SAL) of a patient with early-onset scoliosis. C. Measurement of vertebral height from T1 to $1. 
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FIG 2 « The rib-vertebral angle difference (RVAD) measures 
the angle of a line drawn perpendicular to the apical thoracic 
vertebra endplate and a line drawn down the center of the 
concave and convex ribs. The difference is calculated by 
subtracting the convex from the concave angle. An RVAD of 
20 degrees or less indicates a curve that is likely to resolve; an 
RVAD of 21 degrees or greater often is associated with curves 
that will progress. The phase of the rib head notes the 
position of the convex rib head on the apical vertebra. A 
“ohase 1” relationship indicates no overlap of the rib head or 
neck on the apical vertebra. In cases that have a phase 1 
relationship, the RVAD may be calculated and used to deter- 
mine the likelihood of progression. In a phase 2 relationship, 
the head of the rib on the convex side of the apical vertebra 
overlaps with the vertebra, and the curve is likely to progress. 
(Adapted from Mehta MH. The rib-vertebra angle in the early 
diagnosis between resolving and progressive infantile scoliosis. 
J Bone Joint Surg Br 1972;54B:230-243.) 


=" The space available for the lung (SAL) is calculated by 
taking the ratio of the distance from the apex of the most 
cephalad rib to the highest point of the hemidiaphragm of the 
concave side divided by the convex side (see Fig 1B). 
= Any decrease in the SAL points toward a poorer progno- 
sis for lung function. 
=" MRI allows the best visualization of the central nervous 
system and is indicated in EOS associated with neurologic 
abnormalities or curve greater than 20 degrees. 
=" CT scanning with 3-D reconstructions is helpful to delineate 
bony architecture and is warranted when plain radiographs do 
not provide enough information and for preoperative planning 
for patients who have vertebral abnormalities (eg, dysplastic 
pedicles or hemivertebrae). 
" The CT scan or MRI is also used to measure lung volume 
and assess thoracic architecture when thoracic insufficiency 
is an issue. It often is difficult to assess these parameters 
with plain radiographs, but CT allows better visualization 
of each hemithorax and measurement of the lung volume. 
= In severe congenital deformity, the ribs may spiral around 
the vertebrae, causing the thoracic volume on one side to be 
severely diminished while the other is larger, creating what 
Campbell calls a “windswept thorax” (FIG 4). 
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FIG 3 e Measurements performed on apical vertebra. If the 
pedicles are equidistant from the sides, rotation is classified as 
zero. If the concave pedicle is partially obscured and the convex 
pedicle moves away from the edge toward the center, that is 
considered grade 1. Grade 3 is defined as the convex pedicle in 
the midline of the vertebral body. Grade 2 lies between grades 
1 and 3. Grade 4 indicates that the convex pedicle lies past 
midline. (Adapted from Nash CL Jr, Moe JH. A study of 
vertebral rotation. J Bone Joint Surg Am 1969;51A:223-229.) 


DIFFERENTIAL DIAGNOSIS 


=" Congenital vertebral or spinal anomalies 
" Vertebral bars 
" Hemivertebrae 
" Syrinx 


" Tethered cord 
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FIG 4 e CT scan of the chest showing decreased lung volumes 
due to scoliosis. 
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=" Neuromuscular diseases 
" Cerebral palsy 
=" Myelodysplasia 
=" Muscular dystrophy 
= Syndromes associated with scoliosis 
" Beel syndrome 
" ‘Trisomies 
= Infantile idiopathic scoliosis 


NONOPERATIVE MANAGEMENT 


=" Nonoperative treatment for EOS is indicated in curves that 
are not expected to progress or that are expected to progress 
only mildly, taking into consideration the etiology of the curve 
and the radiographic parameters described by Mehta°® in cases 
with IIS. 
= Patients with a curve less than 25 degrees and RVAD less 
than 20 degrees may be followed with serial radiographs 
every 4 to 6 months to document any progression. 
= Active treatment is warranted in: 
Progression greater than 10 degrees; treatment starts 
with casting and bracing. 
~ Phase 2 rib-vertebral relationship, RVAD greater than 
20 degrees, or a Cobb angle greater than 20 degrees in 
any skeletally immature patient 
- Progression of more than 5 degrees in a patient with a 
Cobb angle greater than 35 degrees 
" Casting usually is done under anesthesia. The cast is 
changed every 6 to 12 weeks until the ultimate correction is 
achieved. 
= After casting, a Milwaukee brace (FIG 5) is used for 
23 hours a day to help maintain the correction. Fully cir- 
cumferential braces may distort the rib cage and adversely 
affect pulmonary status, because the immature thoracic wall 
may deform before any correction of the spine occurs. 
" Bracing is continued for a minimum of 2 years until the 
Cobb angle and RVAD are stable. 
= The goal is to correct the deformity completely before the 
prepubertal growth spurt. 





FIG 5 e The Milwaukee brace consists of metal rods attached to 
pads at the hips, rib cage, and neck. 


=" Nonoperative treatment for neuromuscular or congenital 
scoliosis can be attempted for curves of lesser magnitudes. 
Treatment options available include casting and bracing. 
= Bracing is less effective for these types of deformities than 
for idiopathic scoliosis, but can be used in long flexible curves. 
" Deformities with large sagittal components are not 
amenable to brace treatment. 
" Brace treatment for congenital or neuromuscular scoliosis 
should be abandoned when unacceptable curve magnitude 
Or progression is seen. 


SURGICAL MANAGEMENT 


= Surgical treatment of EOS attempts to stop progression of 
the scoliosis, allowing improvements in growth of the spine, 
thorax, and lungs. 
= Surgery is recommended for progressive curves greater than 
45 degrees. 
=" The age of the patient helps to decide the type of surgery 
needed. 
" Adolescents and more skeletally mature patients may do 
well with spine fusions, which stabilize the spine but also 
stop growth. 
" Younger patients with substantial growth potential suffer 
from the “crankshaft” phenomenon if fusion is performed 
early in life from an isolated posterior approach. They 
suffer from severe growth retardation in height and thorax 
volume if fusion is performed using a combined anterior 
and posterior technique. 
= The growing rod technique for EOS was developed to cor- 
rect spinal deformity while allowing spinal growth to continue 
or even enhancing that growth. 


Preoperative Planning 


=" Careful evaluation of radiographic studies allows planning 
of surgical levels. Typically, the cranial level of the construct 
includes [2 and extends two or three levels caudal to the end 
vertebra of the curve. 
= Either pedicle screws or hooks can be used in the construct. 
Review of the pedicle structure using radiographs and CT 
scans is necessary to be sure the desired implants are selected. 
=" Medical and subspecialty consultations should be obtained 
before operation if the patient has any history of medical 
comorbidities. 
= Cardiopulmonary, renal, skeletal, and other neuromuscu- 
lar defects often are associated with scoliosis. 
" Pulmonary function tests may be obtained in children who 
are able to cooperate if thoracic insufficiency is suspected. 
Positioning 
= The patient is placed under general anesthesia on the stretcher 
and then placed on the operating room table in the prone posi- 
tion on two longitudinal chest rolls or tightly rolled blankets. 
=" Neural monitoring is used during the procedure for neuro- 
logically intact patients. Leads should be placed before prone 
positioning, as should a Foley catheter. 
=" Care must be taken to be sure all bony prominences and 
compressible nerves are well padded. 


Approach 


= The growing rod technique is performed posteriorly through 
either a single long midline incision or two smaller incisions 
cranially and caudally. 
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Single-Incision Technique 
Exposing the Foundations 


The single-incision technique consists of a long superfi- 
cial posterior incision beginning 2 to 3 cm cranial to the 
planned levels and ending caudal to the lowest vertebra 
by 2 to 3 cm. Infiltration of epinephrine may be used be- 
fore subcutaneous incision. 
The spinous processes of the cranial and caudal founda- 
tions are exposed and marked with a metallic object such 
as a Kocher clamp, and a lateral radiograph is then used 
to confirm the levels. 
=" The foundations are critical to the construct in the 
dual growing rod technique. 
They are composed of at least two pair of anchors 
and usually span two or three vertebral levels. 
The foundations consist of the vertebral segments 
at either ends of the constructs, which are inter- 
nally fixed with anchors. 
= Because the corrective loads are applied to these 
foundations, it is imperative that strong and stable 
constructs be achieved to decrease the incidence of 
implant or fixation failure. 
Limited fusions of the foundation levels often are per- 
formed using local bone graft or allograft extenders to 
provide more stability. 
The posterior elements of the cranial and caudal founda- 
tions are exposed subperiosteally out to the level of the 
transverse processes. 
=" Vertebral levels not involved in a foundation should 
not be exposed, to decrease the chance of unwanted 
fusion. 


Placing the Anchors 


Once exposure has been obtained, the anchors are 

placed. 

The foundations may be anchored using either pedicle 

screws or hooks. 

If hooks are used, the superior edges of the most cranial 

lamina or transverse processes (TP) on either side are 

exposed, and supralaminar hooks or TP hooks are placed 

in a downgoing manner on both sides. 

= Contralateral supralaminar hooks may be staggered 
over two levels if canal stenosis is a concern. 

= Next, upgoing hooks are placed, usually under the 
facet articulations of the same vertebra but some- 
times in a staggered arrangement. 

= Foundations using supralaminar hooks generally con- 
sist of three vertebral levels with supralaminar hooks 
placed on either side of the cranial two vertebra and 
the facet hooks placed on the most caudal one. 

= If TP hooks are used, only two vertebral levels are 
used, with the TP hooks placed on either side of the 
cranial vertebra and the facet hooks placed on the 
same cranial vertebra. 

= For more stability, additional facet hooks can be used 
to extend the foundation to three levels. It is impor- 
tant to achieve adequate stability at initial surgery. 


Pedicle screws also may be used, usually with four screws 

spanning two vertebral levels. Pedicle screws may offer 

increased stability to the construct and are preferred for 

both foundations as long as the anatomy allows their 

safe placement. 

=" Multiple methods for thoracic pedicle screw placement 
have been popularized. In general, the thoracic pedicle 
starting point is located at the intersection of the lat- 
eral border of the superior articular facet and the cra- 
nial aspect of the transverse process. 

=" The trajectory of the thoracic pedicle screw gener- 
ally travels lateral to medial about 30 degrees and 
from cranial to caudal 10 degrees, but varies by level 
(TECH FIG 1A-C). 

= Lumbar pedicle screws start at the junction of the 
pars interarticularis, the midpoint of the transverse 
process, and the base of the superior articular 
process. 

= Lumbar screw trajectory also varies, from about 10 
degrees at L1 to 30 degrees at L5 from lateral to me- 
dial, and varies in the sagittal direction approximately 
10 degrees from L1 to L5, depending on lordosis 
(TECH FIG 1D). 

= Fluoroscopy and neural monitoring are helpful in aid- 
ing pedicle screw placement, especially in patients 
with deformity. If needed, a combination of hooks 
and screws can be used. 


Adding the Rods 


The dual rod technique employs two rods, each made up 
of a cranial foundation rod and a caudal foundation rod 
joined by a connector, for a total of four rods for the en- 
tire construct. 
Either of two types of connectors may be used: a tan- 
dem connector, which houses the cranial and caudal 
rods inside a rectangular box so the ends meet end to 
end, or side-to-side connectors, which allow the rods to 
overlap. 
™ Tandem connectors usually are favored. Because they 
are straight and cannot be contoured, the rods are 
measured so that they meet inside the tandem 
connector in the relatively straight thoracolumbar 
region. 
The ends of the rods that fit inside the connector also 
must be straight. If any contouring is necessary in the re- 
gion where the cranial and caudal rods meet, closed dual 
connectors must be used, with an overlap of 2 to 4 inches 
to allow future lengthening. 
Bilateral rods are prepared for each foundation by mea- 
suring the length of the spine in the corrected position 
and carefully contouring the rod. The concave side usu- 
ally is constructed first to gain maximal correction. 
The rods can be placed either subcutaneously or subfas- 
cially. Subfascial placement involves a much deeper dis- 
section, both initially and with each lengthening, how- 
ever, and may increase the risk of premature fusion. 
Subcutaneous placement may be associated with a 
higher incidence of skin problems and wound infection. 
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TECH FIG 1 « A. A single skin incision may be used with subperiosteal exposure 
of the cranial and caudal foundation sites. The rods and tandem connectors are 
placed above the fascia in this picture. Pedicle screws have been used as anchors. 
B. The lateral view shows the straight tandem connector placed in the thora- 
columbar region. The trajectory of the pedicle screws can also be seen and varies 
between patients. C. Close-up of the cranial foundation shows four pedicle screws 
spanning two levels in the thoracic region. D. Close-up of the caudal foundation 
shows four pedicle screws spanning two levels in the lumbar spine. Hooks may also 
be used for either foundation. (From Akbarnia BA. Growing rod technique for the 
treatment of progressive early onset scoliosis in fusionless surgery for spine defor- 
mity. In: Kim DH, Betz R, Huhn SL, Newton PO, eds. Surgery of the Pediatric Spine. 








After the rods are placed in the hooks or screws of each 
foundation, transverse connectors are placed between 
the two cranial rods and the two caudal rods, preferably 
between the points of fixation on each foundation. 
If the transverse connectors are close-holed, it may be 
necessary to preload them onto the rods before they are 
placed in the anchors, and the spinous processes may be 
removed to allow proper seating. 
=" These transverse connectors increase the stability of 
the construct, especially when hooks have been used. 
There is less need for transverse connectors when 
screws are used. 
The tandem connector is held with a rod holder and slid 
onto the cranial rod; once the caudal rod is cleared, it is 
slid onto the caudal rod. 
The cranial anchors and transverse connector are tight- 
ened first, followed by the caudal anchors and transverse 
connectors. Cranial and caudal set screws are located on 
the side of the tandem connector that correlates to the 
most prominent side. 
To create distraction, the caudal set screw is tightened, a 
distractor is implemented in the slot of the tandem 
connector between the two rods, and the cranial set 
screw is tightened (TECH FIG 2A). 
= Similarly, a rod clamp can be used to distract against 
if a closed dual connector is used or even on a tandem 
connector (TECH FIG 2B). 
Next, the rod construct on the convex side of the curve is 
created similarly and tightened. The surgical area is then 
irrigated, followed by a limited arthrodesis applying 
autograft bone or other graft extenders between the 
vertebrae making up each foundation. 


New York, Thieme, 2007:814.) 


Before final closure, anteroposterior and lateral radi- 
ographs are taken to confirm alignment and proper po- 
sition of the implants (TECH FIG 2C,D). 

The wound is then closed in standard fashion. 


Dual-Incision Technique 


The dual-incision technique differs from the single-inci- 

sion technique in a few ways. 

The incisions are centered over the foundation sites with 

a long skin bridge between them (TECH FIG 3). 

The subperiosteal dissection is the same, as are placement 

strategies of either hooks or pedicle screws for anchors. 

In placing the rods, however, subcutaneous or subfas- 

cial dissection must be performed carefully and bluntly 

with either a finger or blunt clamp to facilitate rod 

passage. 

™ Careless dissection or poor control of the rod during 
passage can lead to pleural violation. 

= The rods must be placed beneath the skin bridge and 
the tandem connector placed on the caudal rod 
before they are fitted into the anchors. 

The rest of the procedure is similar to the single-incision 

technique. 


Lengthening and Exchange 


Lengthening of the dual rod construct may be per- 
formed as either an in- or outpatient procedure with 
neural monitoring for patients with normal neurologic 
function. 

The connector is located through palpation or fluo- 
roscopy, and a small incision is made over that area 
where the lengthening is planned. 
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= — After dissection of the connector is performed, lengthen- 
ing similar to that performed during the index procedure 
is carried out by loosening the set screw (mostly cranial), 
distracting between the two rods, and then tightening 
the set screw again. 
Lengthening is performed every 6 months. 

= Once further distraction is no longer achievable, final 
correction and arthrodesis are performed. 


Changing the Connector or Rod 


m Exchange of the tandem connector or the rod may be 
needed if the amount of lengthening exceeds the initial 
length of the tandem connector. 





TECH FIG 3 e« The dual-incision technique employs two 
separate incisions centered over the foundations and 
separated by a skin bridge. 





TECH FIG 2 e A. Lengthening may be performed by inserting the distractor between 
the rods through the slot of the tandem connector. One set screw is loosened, dis- 
traction is performed, and the set screw secured. B. Alternatively, a rod clamp can be 
placed on the rod a few centimeters from the connector and the distractor placed 
between the rod clamp and the end of the connector. The set screw nearest the rod 
clamp is then loosened, the distractor employed, and the screw retightened. C. AP 
radiograph after the dual growing rod procedure was performed on the patient 
shown in Figure 1B and C. D. Lateral radiograph after the dual growing rod 
procedure was performed on the same patient. (A,B: Bagheri R, Akbarnia BA. 
Pediatric Isola instrumentation. In: Kim DH, Vaccaro AR, Fessler RG, eds. Spinal 
Instrumentation: Surgical Techniques. New York: Thieme, 2005:640,642.) 


= In such a case, both set screws should be loosened 
and the tandem connector slid cephalad until full 
clearance of the caudal rod is achieved. 

= The connector can then be removed off the cranial 
rod, replaced by a longer connector, and slid onto the 
caudal rod again. 

= Longer than 70 mm connector is rarely used, to 
minimize the adverse effect on sagittal balance. 

If the needed length exceeds the longest connector or if 

the longest connector is too long, it is necessary to 

fashion new rods and remove the old ones. 

=" This entails exposing and removing the tandem 
connectors, exposing the foundation, and removing 
the rods and replacing them with longer rods, 
creating a construct similar to the initial procedure. 

= Replacement of the cephalad rods is most common. 


Final Fusion 


Final fusion is performed near the end of the adoles- 
cent growth spurt or when the rods can no longer be 
lengthened. 

The first step entails removing the dual growing rod 
implants, including the anchors and exploring foundations 
for solid fusions. One should be careful to cause the least 
trauma to the soft tissues. 

For most patients, the fusion should extend from the 
cranial foundation to the cephalad foundation. 
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Either hooks or pedicle screws can be used in the 
foundations and at the apices of the curves. 

Rods are then contoured to the desired shape, keep- 
ing in mind that the goal is to achieve global balance 
rather than a totally straight spinal segment. Thus, 
upper and lower curves should be considered to- 
gether when contouring the rods. 


A consideration when performing the final fusion is 
that posterior osteotomies may be required, espe- 
cially if a subfascial technique is employed, because the 
posterior elements may become stiff after repeated 
exposures. 

=" This usually can be done safely by finding the neural 


canal and then osteotomizing the pars on either side. 


= Another consideration is that the areas around the 

anchor sites often are overgrown with bone, and taking 

the implants out often entails osteotomizing the bone 

around the anchors. 

™ Care should be taken to point away from the spinal 
canal to avoid neural injury. 

= Although pedicle screws offer three-column support 
in the foundations, replacing hooks in the fusion 
mass provides sufficient strength if placed properly, 
and hooks are easier to place, especially if they were 
used initially for the growing rods. 

= Sublaminar wires also offer an attractive option and 
are useful if lateral translation of the spine is 
required. 





PEARLS AND PITFALLS 





Exposure 


Implants 


Lengthening 


Indications 


= Avoid subperiosteal dissection anywhere except 
= Use careful blunt dissection beneath the skin br 


= Perform a careful radiographic examination if p 


the foundation to avoid premature fusion. 
idge to avoid pleural violation. 


edicle screws are desired. 


= Use proper rod contouring to correct both coronal and sagittal deformity. 
= Tandem connectors are straight and should be placed at the thoracolumbar region, which also is straight. 


= Do not be too aggressive with lengthenings, especially at the index procedure and first lengthening, to avoid 


implant issues. 


= May not be indicated in very stiff curves, poor bone quality, older children with limited growth potential, or 


children too young to allow internal fixation. 


POSTOPERATIVE CARE 


= Patients are braced postoperatively with a thoracolumbosacral 
orthosis, beginning when they have been upright for up to 
6 months and continuing until fusion of the foundations. 
Rehabilitation proceeds according to the patient’s tolerance and 
ability. 


OUTCOMES 


=" Documented outcomes are short-term, and no level I studies 
are currently available. 

=" One study showed Cobb angle correction from an average 
of 82 degrees to 36 degrees at last visit or final fusion. 

= Spine growth is almost equal to normal, averaging 1.21 
cm/year. 

= Some patients averaged almost 12 cm of growth. 

= SAL increased from 0.87 to 1. 

=" Better balance and cosmesis 


COMPLICATIONS 


Wound breakdown 
Infection 

Junctional kyphosis 
Crankshaft phenomenon 
Curve progression 
Implant failure 


= Patients with more frequent lengthenings have fewer im- 
plant problems but more wound problems, whereas patients 
with less frequent lengthenings have more implant problems 
and fewer wound complications. Implant complications often 
can be treated during scheduled lengthenings, but wound 
infections should be treated urgently. 
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Chapter 63 


DEFINITION 


= A hemivertebra is a congenital anomaly of the spine that forms 
during the 8th to 12th weeks of embryologic development. It is 
characterized by the formation of half of a vertebral body, a cor- 
responding pedicle, and a corresponding hemilamina. 

=" Hemivertebra are classified as a congenital failure of 
formation. 

=" A hemivertebra may be classified as fully segmented (ie, sep- 
arated from the bodies above and below by discs); partially 
segmented (ie, separated from one adjacent body by a disc and 
fused to the other adjacent body); or unsegmented (ie, fused to 
the body above and below; FIG 1).° 

= Progressive curvatures of the spine caused by a hemivertebra 
result from unbalanced growth. Full-segmented hemivertebra 
have a much higher rate of progression, because the presence 
of an intact disc space above and below signifies the presence 
of growth plates and potential asymmetrical spinal growth. 


ANATOMY 


=" The hemivertebra has a partial vertebral body, a pedicle, 
and a hemilamina. 

= Anatomically, it may be joined to the level above or below 
at either the body, the hemilamina, or both. If the hemiverte- 
bra is not fused to either adjacent segment, the potential for 
asymmetric spinal growth is high. 

" A local kyphotic or lordotic deformity may occur with 
hemivertebra if the associated failure of formation is greater 
anteriorly or posteriorly. 


PATHOGENESIS 


= Progressive spinal curvatures due to hemivertebra are a re- 
sult of disordered growth. 





FIG 1 © Schematic of a hemivertebra. A. Fully segmented 
hemivertebra. B. Partially segmented hemivertebra. 
Cc. Unsegmented hemivertebra. 
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Hemivertebra Excision 
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= The hemivertebra is a wedge on the convex side of a curve. 
In the presence of healthy growth plates above and below (ie, 
a fully segmented hemivertebra) convex growth is faster than 
contralateral concave growth, causing a progressive scoliosis. 
= In cases of hemivertebra, if the vertebral body lies in the pos- 
terolateral quadrant, a progressive kyphosis may arise with the 
scoliosis. 

= The disordered growth eventually may cause curvature to such 
a degree that normally segmented areas of the spine become in- 
volved in the curve, causing deformity and spinal imbalance. 


NATURAL HISTORY 


= The natural history of a hemivertebra depends on its loca- 
tion and the potential for growth and curve progression. 

=" Hemivertebrae that are fully segmented progress at approx- 
imately 2 degrees a year and can exceed over 45 degrees at ma- 
turity.” These require treatment to prevent deformity and also 
to prevent adj acent spinal curvature. 

= Partially segmented hemivertebrae have much less growth 
potential (less than 1 degree per year), rarely exceeding 40 de- 
grees at maturity. They usually do not require treatment. 
Unsegmented hemivertebrae require no treatment. 

=" Hemivertebra at the lumbosacral junction almost always re- 
quire treatment, because the lumbar spine takes off obliquely 
from the sacrum, causing a long compensatory curve in nor- 
mally segmented regions of the lumbar spine, with resultant 
cosmetic deformity and spinal imbalance. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Embryologic development of the spine occurs between the 
8th and 12th weeks of gestation; hence, other organ systems 
developing at the same time also may have a congenital 
anomaly. 

= A complete musculoskeletal examination looking for diag- 
noses such as clubfoot, developmental dysplasia of the hip, 
and limb anomalies is warranted. 

=" A complete neurologic examination should be performed, 
because as many as 40% of patients with congenital scoliosis 
have a corresponding spinal dysraphism. This examination in- 
cludes sensory, motor, and reflex testing. 

=" Occult signs of spinal dysraphism include cutaneous manifes- 
tations such as midline spinal hemangiomas, penetrating sacral 
dimples, or midline hairy patches. Foot anomalies such as verti- 
cal talus or asymmetric cavus feet can signify spinal dysraphism. 
=" Cardiac auscultation should be done, because 20% of pa- 
tients with congenital scoliosis have congenital heart anomalies. 
=" Observe shoulder position, trunk position, and waist sym- 
metry. Truncal imbalance is an indicator of curvature. 

=" Observe the flexibility of the patient’s spine. 

= Rotation of the spine during the Adams forward bend test is 
indicative of deformity and points to its location. 
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IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Standing 36-inch posteroanterior (PA) and lateral radi- 
ographs are mandatory to define the deformity and assess the 
Cobb measurement. Apparent progression may be seen from 
supine radiographs to standing radiographs (FIG 2A). 
" Bending radiographs, in which the patient is directed to 
bend in a concave and then in a convex direction, are neces- 
sary to assess the flexibility of curves above and below the 
hemivertebra. 
=" MRI scanning of the brainstem and spinal cord is manda- 
tory before any surgical intervention, given the height rate 
(30% to 40%) of congenital scoliosis with spinal dysraphism.” 
=" CI scans with three-dimensional (3D) reconstructions 
should be obtained to delineate the anatomy of the anterior 
and posterior elements as an aid in planning the operation and 
to avoid intraoperative problems such as unexpected posterior 
element deficiencies or fusions (FIG 2B).* 
= A pediatric protocol should be used for CT scans to avoid 
the significant radiation exposure that results when adult 
protocols are used for children. 
= Preoperative evaluation of the genitourinary system with a 
screening ultrasound and evaluation of the cardiac system with 
an echocardiogram are necessary if these have not been per- 
formed, given the rate of anomalies associated with congenital 
scoliosis. 


DIFFERENTIAL DIAGNOSIS 


Failure of vertebral formation 

Failure of vertebral segmentation 

Sequela of infection causing partial vertebral body destruction 
Tumor 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management is reserved for nonprogressive 
curves caused by hemivertebra. 

=" Hemivertebra associated with little or no curve progression 
(unsegmented or partially segmented) may be followed during 
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FIG 2 © A. Standing PA radiograph of a 5-year-old patient with 
a fully segmented hemivertebra at the thoracolumbar junction. 
B. A three-dimensional reconstructed CT scan of a fully seg- 
mented hemivertebra in a different patient. 


growth with radiographs every 6 to 12 months, depending on 
the degree of deformity and age of the basis. 
= Bracing has no role in the management of a hemivertebra. 


SURGICAL MANAGEMENT 


= The classic indication for a hemivertebra resection is a pa- 
tient with a progressive curve secondary to a fully segmented 
hemivertebra in the thoracolumbar, lumbar, or lumbosacral 
regions with a resultant deformity. 
=" We have found that excision is best performed between the 
ages of 18 months and 4 years. 
" Patients younger than this may be more difficult to instru- 
ment, and waiting until this age rarely has caused irrevoca- 
ble deformity. 
= Excision in older patients is feasible; we have found, how- 
ever, that if diagnosed early there is no reason to wait past 
the age of 4 years given the progression of curvature and its 
effect on normally segmented regions of the spine. 
= Instrumentation at these ages is technically feasible. 


Preoperative Planning 


= Review of the preoperative MRI of the spine 
" If spinal dysraphism is present, referral to a neurosurgeon 
is mandatory. 
" If the patient requires neurosurgical intervention for dys- 
raphism, that procedure should precede the hemivertebra 
excision, either at the same setting or in a staged setting, at 
the discretion of the spine surgeon and neurosurgeon. 

=" Review of the 3D CT scans 
= A complete understanding of the anatomy of the hemiver- 
tebra is crucial to avoid intraoperative confusion, especially 
because associated posterior element fusions or absences can 
make identifying levels difficult. 
= Studying the pedicle anatomy (ie, length and diameter) of 
the levels above and below is efficacious given the smaller 
size of these patients. 

=" Neurologic monitoring is important and should be done using 

somatosensory evoked potentials and motor evoked potentials. 
= Communication between the monitoring and anesthesia 
teams should be facilitated to prevent any change in neuro- 
logic function brought on by anesthetics, hypotension, or 
low blood volume. 

Positioning 

=" We perform hemivertebra excisions with the patient in the 

prone position. 
" This is done on a radiolucent operating frame with chest 
and pelvic support, which leaves the abdomen free. 
" We also have found it useful to slightly “airplane” the 
table or bolster the patient so that the convex side is slightly 
higher than the concave side. This helps with visualization 
anteriorly, control of bleeding, and retraction of the dura 
and its contents (FIG 3). 

=" Before draping the patient, we place a marker over the 

hemivertebra region and obtain a radiograph. 
" This both confirms the side of the hemivertebra and helps 
limit excessive incisions and dissections. 

= In the past we recommended that hemivertebra excision be 

performed as a simultaneous anterior-posterior procedure.* 
= If the surgeon elects to do this, the patient is placed in the 
lateral decubitus position with the anterior and posterior 
fields being prepped into the fields. The patient should be 
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FIG 3 « Positioning for a hemivertebra resection. A. Prone positioning. Observe the paper clip placed 
for radiographic marking before incision. B. Positioning for simultaneous AP excision. 


placed at the edge of the bed to facilitate retractor placement 

in the posterior field. 

" The anterior approach is on the convex side and should 

be marked before the patient goes to the operating room. 
=" We still recommend considering an anterior—posterior pro- 
cedure when medical conditions (eg, congenital heart disease) 
caution against excessive bleeding, when a lordotic component 
renders access to the vertebral body difficult, and when the 
surgeon is unfamiliar with posterior-only approaches to cir- 
cumferential surgery. 


Approach 


= If an anterior—posterior procedure is being performed, the 
anterior procedure should be a standard transthoracic, 
transthoracic-retroperitoneal, or retroperitoneal approach, 
depending on the location of the hemivertebra. The anterior 
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approach often can be a limited one, because the only expo- 
sure needed is of the hemivertebra and the discs above and 
below. 
= The posterior approach is a standard posterior midline inci- 
sion with subperiosteal dissection out to the tips of the trans- 
verse processes, 
" Diathermy aids in keeping blood loss to a minimum dur- 
ing dissection. 
" Preoperative review of the CT scan should forewarn the 
surgeon of posterior element fusions and, more importantly, 


posterior element deficiencies. 


= Dissection should proceed with caution over areas of lam- 


inar deficiency. 


=" Once completely dissected, a spot radiograph or fluoro- 
scopic view should be obtained to confirm the appropriate 


level. 
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Pedicle Screw Placement 


= Implant anchors should be placed before excision, be- 
cause blood loss at this point should be at a minimum. 
=" Where possible, we prefer bilateral pedicle screws as 
a basis for fixation. Pedicle screws may be placed in 
patients as young as 1 year of age. 
=" Preoperative CT scans can help assess the feasibility of 
screw placement. 
= Implants should be titanium, and either 3.5- or 4.5-mm 
rod systems should be used in younger patients. 
= Screw diameter and length can be at least estimated 
based on the preoperative CT scan. 
= Screws should be placed in a stepwise manner, begin- 
ning with obtaining a cancellous blush with a burr at the 
appropriate starting position. 
= Starting positions in normally segmented areas of the 
spine are well documented. 


A pedicle awl can then be used to obtain access down 

the pedicle into the vertebral body. 

Once the pedicle has been accessed, probing of the four 

walls of the pedicle and floor of the body is necessary to 

confirm accurate position. We then use the probe as a 

depth gauge to determine screw length. 

= The hole is then tapped 0.5 mm under the expected 
screw diameter, and the pedicle walls and floor are 
reprobed. 

=" A fixed-angle screw of the appropriate diameter and 
length is then placed (TECH FIG 1A). 

Appropriate screw position is confirmed using triggered 

EMG stimulation of all screws (TECH FIG 1B) and then 

checking PA and lateral radiographs and fluoroscopic 

views (TECH FIG 1C). 
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TECH FIG 1 ° Pedicle screw placement. A. Exposure of the spine with placement of screws. 
B. Triggered EMG stimulation of the pedicle screws. C. Fluoroscopic view confirming cor- 
rect screw placement. 


Hemivertebra Excision 


The first step in excision is dissecting over the edge of the 

transverse process and down the lateral wall of the body 

using a Cobb elevator and curved-tip device, followed by 

curved retractor placement (TECH FIG 2A). 

=" This step aids in protection of structures lateral and 
anterior to the wall on the hemivertebra. If the 
hemivertebra is in the thoracic region, it will be nec- 
essary to resect the rib head first to obtain access. 

The cartilaginous surfaces of the concave facet should be 

resected to encourage fusion. 

Resection then begins in the midline with the ligamen- 

tum flavum using a Kerrison rongeur (TECH FIG 2B,C), 

followed by resection of the hemilamina. 

= Resection should extend over to the facet, while the 
exiting nerve roots above and below the hemiverte- 
bra are identified and protected. 

= The transverse process and dorsal cortical bone over 
the pedicle can be resected in similar fashion until the 
cancellous bone of the pedicle and cortical outlines of 
its wall are visualized (TECH FIG 2D,E). 
™ Care should be taken to avoid nerve roots, which 

are present rostral and caudal to the pedicle walls 
of the hemivertebra. 

= Gelfoam (Pfizer Inc, New York, NY) and cottonoids 
should be used judiciously to protect the dura and 
create a space between dura and bone to be resected. 

The subperiosteal plane down the lateral wall of the 

pedicle and body is then developed, with a Cobb elevator 


used to facilitate retraction and protection. The dural 

contents can be protected by a nerve root retractor. 

=" Bipolar sealing of epidural vessels that lie on the me- 
dial aspect of the pedicle and down on the inner wall 
of the body will aid in controlling blood loss and im- 
proving visualization. 

= Continued resection down the pedicle and into the 
hemivertebra body can be done by a diamond-tipped 
burr, which helps protect against unwanted injury to 
soft tissue structures. 

Working stepwise within the walls of the pedicle and 

down within the confines of the body helps protect sur- 

rounding vital structures and makes removal of the cor- 

tical shells easier (TECH FIG 2F). The walls of the pedicle 

can then be easily resected with a curette or pituitary 

rongeur, as can the remaining walls of the body of the 

hemivertebra. 

=" Protection lateral and anterior to the confines of the 
hemivertebra wall is necessary to avoid injury to vital 
structures such as the aorta. Generally, the dorsal cortex 
of the vertebral body is removed last (TECH FIG 2G). 

This resection is a wedge resection, which includes the 

discs above and below as well as the concave area of the 

disc. 

= The disc material should be removed with a pituitary 
rongeur and curettes; the dura and its contents are 
protected with a nerve root retractor. 

=" If the disc material above and below is not removed, 
correction will be limited, and anterior fusion will be 
less reliable. 





Closure of Wedge Resection 


We place resected vertebral cancellous bone as well as al- 

lograft clips into the wedge resection site anteriorly. 

We have found that it is beneficial to compress and close 

the resection site with laminar hooks and by external 

three-point pressure on the body (TECH FIG 3A). 

= We place a downgoing supralaminar hook at the su- 
perior level and an upgoing infralaminar hook on the 
inferior level. 

=" We place a rod and compress with closure of the re- 
section site and correction of the deformity. Using 
this rod avoids having to place large compression 
forces across pedicle screws. This allows the screws to 


Ligamentum flavum 
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Cobb 


elevator 
Burr 







Nerve root %& 
retractor 


TECH FIG 2 © Hemivertebra excision. A. Placement of Cobb elevator at lateral border of 
hemivertebra (arrow). B. Resection of the posterior hemilamina using a Kerrison rongeur. 
C. Rongeur resecting down the pedicle with Gelfoam protecting the dura. D. Further resec- 
tion down the pedicle (arrow), with lateral structures protected. E. Complete visualization 
of the vertebral body (arrow) with anterolateral protection. F. Axial schematic illustration 
. of working down the pedicle with medial and lateral protection. G. Arrow points to the 
il area of complete resection. 


maintain correction without possible plowing of the 
screws into the immature bone or pedicles. 
The compression should be slow and controlled, with the 
dura under visualization so that it is not caught in the 
closure of the posterior elements (TECH FIG 3B,C). 
= If insufficient correction is achieved or if the adjacent 
laminae abut prematurely, it may be necessary to re- 
sect further along the edges of the laminae. 
Two additional rods are then placed, one on either side of 
the spine, connected to the corresponding screws. A 
crosslink should be applied if at all possible (TECH FIG 3D). 
The spine is then decorticated. We prefer to place cortic- 
ocancellous allograft, because it is effective and avoids 
harvesting the iliac crest. 
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TECH FIG 3 e Closure of wedge resection. A. Laminar hooks in place. Note the spacing between 
pedicle screws. B. Compression of laminar hooks with closure of the excision site. C. Complete clo- 
sure of the excision site. The convex screws have now come together, representing wedge closure. 
D. The three-rod system in place, plus the crosslink that should be applied if technically feasible. 


Anteroposterior Excision 


We routinely place our posterior implant anchors before 

performing any resection. Once complete exposure (both 

anterior and posterior) has been performed (TECH FIG 

4A), posterior screws are placed. 

Anterior resection begins by creating a full-thickness sub- 

periosteal flap over the hemivertebra after localization is 

confirmed (TECH FIG 4B). 

Starting at the inferior endplate of the adjacent superior 

body and the superior endplate of the adjacent inferior 

body, we create longitudinal full-thickness cuts in the 

periosteum. 

= At the endplate region, we make anteroposterior cuts 
in the periosteum and start a full-thickness periosteal 
flap, working anteriorly to the contralateral side. 

= We move posteriorly until we can visualize the 
hemivertebra pedicle. 

The discs above and below the hemivertebra are re- 

sected all the way posteriorly to the posterior longitudi- 

nal ligament. 


We then start resection of the hemivertebra vertebral 
body back to the posterior cortical wall of the body with 
rongeurs and a diamond-tipped burr. 
=" The posterior wall can be resected and peeled off the 
posterior longitudinal ligament with a rongeur, obtain- 
ing access by starting at the level of the disc resections. 
= Part of the visualized pedicle can be resected. 
Posterior resection can then begin, starting with the 
hemilamina and proceeding to the pedicle (TECH FIG 4C). 
With both incisions open and fields exposed, resection of 
the pedicle can be done by working through both re- 
gions (TECH FIG 4D). This allows complete visualization 
and maximum control of the surgical field. 
Once the hemivertebra has been resected, correction of 
the deformity is the same as described earlier, using a 
three-rod technique if possible (TECH FIG 4E). 
= With this technique, correction is aided by unbreak- 
ing the table (or removing any lateral bolster) and 
pushing down on the convex spine to facilitate clo- 
sure of the wedge resection. 
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TECH FIG 4 « AP excision. 
A. Hemivertebra isolated ante- 
riorly with removal of discs 
above and below. B. Anterior 
resection. C. Resection back to 
the pedicle. D. Photograph of 
surgeon working through both 
operative sites simultaneously. 
E. Compression to close wedge 
resection site. 





Localization of the hemivertebra 


= The intraoperative anatomy can be confusing. A thorough understanding of the 


patient’s anatomy can be gained by studying the preoperative 3D CT scans. 


Implant placement 


# |t is useful to place implant anchors first, because the resection may make this difficult 


owing to blood loss and possible instability of the spine following resection. 


Blood loss 


= Blood loss may be minimized by sealing the epidural veins on the inner aspect of the 


hemivertebral wall and pedicle with a bipolar cautery before resecting these areas. 


Inadequate correction 
hemivertebra. 


POSTOPERATIVE CARE 


=" The immediate postoperative hospitalization and care are 
similar to that for most patients being treated for spinal 
deformity. 

=" When fixation is adequate, we place the patients in a cus- 
tom-molded thoracolumbosacral orthosis for 3 months. 

= In patients who are younger than 2 years of age, or in cases 
where fixation is not adequate, we recommend a Risser-type 
cast, to include a shoulder or both thighs for 2 months, followed 
by a brace for up to a total of 6 months postoperatively. 

= The removal of spinal implants is not mandatory; however, 
given the young age of the patients and individual body 
habitus, occasionally it is necessary to remove the implants 
after a year secondary to prominence. 


™ Can be avoided by resection of the far-side concave disc and complete resection of the 


OUTCOMES 


=" Hemivertebra excision may be performed as a posterior- 
only technique or as a combined anterior—posterior tech- 
nique, with excellent curve correction of approximately 70% 
(FIG 4).° 

= The rate of union for this procedure is near 100% in pedi- 
atric patients. 

=" The procedure may be performed safely using either tech- 
nique with no neurologic complications. 


COMPLICATIONS 


= Inadequate correction 
=" Dural injury 
=" Neurologic injury 
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Loss of fixation 
Implant failure 
Excessive blood loss 
Nonunion 

Infection 
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DEFINITION 


= Spondylolisthesis refers to translation of one vertebra in re- 
lation to another in the sagittal plane. 

= In the child and adolescent, this most commonly occurs at 
the L5—S1 junction. 

=" Most patients are asymptomatic. 

=" Most patients commonly present for low-grade back pain 
and not for radicular symptoms. 


ANATOMY 


= Pars interarticularis includes portions of the lamina, trans- 
verse processes, and pedicle. 

= There is anterior forward slippage of the fifth lumbar verte- 
bral body on the sacrum. 

= In longstanding cases, the superior endplate of the sacrum be- 
comes dome-shaped, and accordingly the inferior endplate of LS 
becomes concave and beaks at the anteroinferior corner (FIG 1). 
= The transverse processes are often hypoplastic. 

= The posterior elements of L5 are detached (Gill fragment). 
= The nerve roots of LS are draped over the dome of the sacrum. 


PATHOGENESIS 


= In spondylolisthesis the pars interarticularis is either elon- 
gated or discontinuous. 

= An isthmic defect is the result of chronic loading of a pars in- 
terarticularis that is genetically predisposed to fatigue failure. 

= A dysplastic slip is secondary to congenital anomalies of the 
lumbosacral articulation, including maloriented or hypoplastic 
facets and sacral deficiency. The pars is poorly developed, allow- 
ing for elongation or eventual separation and forward slippage. 


NATURAL HISTORY 


= Isthmic 
=" Most patients have mild or no symptoms, 
= Most present with some degree of slip. 
" Less than 4% demonstrate slip progression. 


Posterolateral Arthrodesis for 
Spondylolisthesis 
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" Risk factors for progression include diagnosis before the 

adolescent growth spurt, girls, and greater than 50% slip. 
= Dysplastic 

" Higher frequency of progression 

" More likely to have neurologic problems 

" More likely to require operative treatment 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Patients typically present with low back pain of insidious 
onset, occasionally with radiation to the buttock or posterior 
thigh. 
=" Radicular symptoms and disturbance of bowel and bladder 
function are rare with spondylolysis or low-grade spondylolis- 
thesis but may be reported with high-grade slips. 
= Specific physical activities and sports participation (sports 
with repetitive hyperextension of the lumbar spine—for in- 
stance, football linemen, gymnasts, divers) 
= Tight hamstrings are common, resulting in a mild crouched 
gait. 
= Inspection, palpation, and range of motion 
" Flattened lumbar lordosis 
" Heart-shaped buttocks 
= Sacrum appears vertically oriented 
" Visible or palpable step-off at the spinous processes of the 
involved levels (FIG 2) 
= Limited lumbar flexion and extension 
" Lumbar hyperextension frequently will elicit pain 
=" Neurologic examination 
=" Lumbar sensory and motor root testing 
" Evaluation of deep tendon reflexes and abdominal reflexes 
" Rectal examination indicated in patients with bowel or 
bladder dysfunction 
" Straight leg-raise testing to assess nerve root irritation and 
popliteal angle measurements to assess hamstring spasm and 
contracture 





FIG 1 © CT image showing rounding of S1 vertebral body and 
beaking of L5 vertebral body. 


FIG 2 © Clinical photograph of child with high-grade spondy- 
lolisthesis. Note step-off of spinous processes. 
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" Popliteal angles greater than 40 degrees indicate signifi- 
cant hamstring tightness; this is the most common neuro- 
logic finding in patients with spondylolisthesis. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Standing posteroanterior (PA) and lateral radiographs of the 
entire spine 
= Standing PA radiographic view allows for evaluation of 
coexisting scoliosis secondary to paraspinal spasm, whether 
idiopathic or olisthetic. 
= Standing lateral view is useful for assessing global sagittal 
balance. 
= Spot lateral view of the lumbosacral junction is useful for 
identifying spondylolytic defects and documenting the de- 
gree of spondylolisthesis (FIG 3A). 
= Supine lateral hyperextension view of lumbosacral junc- 
tion to assess passive reduction of LS on S1. 
=" Meyerding classification 
= Quantifies amount of forward translation 
" Based on percentage subluxation of LS on $1 (FIG 3B) 
Grade I: less than 25% 
Grade II: 25% to 50% 
Grade III: 50% to 75% 
Grade IV: 75% to 100% 
~ Grade V (spondyloptosis): more than 100% 
= Slip angle 
= Quantifies degree of lumbosacral kyphosis. 
" Line drawn parallel to superior border of $1 unreliable 


because of the rounding of the superior sacrum occurring 

secondary to the slip. 

= Angle subtended by intersection of a line drawn along the 

superior endplate of L5 and the perpendicular of a line 

drawn along the posterior cortex of the sacrum (FIG 3C). 

" Slip angle greater than 50% is associated with a greater 

risk of slip progression, instability, and development of 

postoperative pseudarthrosis. 
= Single-photon emission computed tomography (SPECT) of 
the lumbosacral spine 

" Limited utility in spondylolisthesis. 

" Most effective method for detecting spondylolysis when 

plain radiographs are normal and patient history and phys- 

ical examination are suggestive. 

" Increased radionuclide uptake in an intact pars, lamina, 

or pedicle is consistent with stress reaction (can treat). 

" Relative decrease in tracer uptake on serial SPECT scans 

has been correlated with improvement of clinical symptoms 

and signs in patients treated for symptomatic spondylolysis. 
=" Computed tomography (CT) with sagittal and coronal recon- 
structions is the best modality for defining the bony anatomy 
(FIG 3D). 

=" CT can evaluate for degree of cortical disruption, lysis, 

and sclerosis at the pars, lamina, or pedicle. 

= 2D and 3D CT reconstruction of the spine is useful to clar- 

ify the pathoanatomy of the region for preoperative planning. 
=" Magnetic resonance imaging (MRI) 

" For evaluation of the health of the L4—LS disc (if viable, 

try to preserve level; if desiccated, include in fusion). 








FIG 3 © A. Spot lateral radiograph of L5-S1 junction. B. 
Meyerding classification. Percentage slip defined as A/B x 
100%. C. Slip angle. Angle subtended by line drawn along 
superior endplate of L5 and perpendicular of line tangen- 
tial to posterior cortex of sacrum. D. CT image of the lum- 
bosacral junction. The pathoanatomy is clearly visualized. 
E. MRI of the spine shows well-hydrated intervertebral 
discs cephalad to the slip. 
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" For evaluation of posterior protrusion of the L5—S1 disc. 
Reduction at this level can cause herniation of the disc, re- 
sulting in cauda equina syndrome (FIG 3E). 


NONOPERATIVE MANAGEMENT 


=" Most children and adolescents with low-grade spondylolis- 
thesis respond to nonoperative measures, including activity re- 
striction, physiotherapy, and brace treatment. 

=" Low-grade isthmic spondylolisthesis rarely progresses and 
can be followed with serial radiographs at 6-month intervals 
until the patient is skeletally mature. After this, radiographs 
can be done on a yearly basis. 

= Patients with low-grade dysplastic spondylolisthesis are at 
greater risk for progression, development of neurologic deficit, 
and need for operative intervention. 

=" High-grade spondylolisthesis (over 50% slippage) responds 
less reliably to nonoperative measures. 

=" There is no evidence to support prophylactic fusion for 
asymptomatic high-grade isthmic spondylolisthesis. 

= Physical therapy is the mainstay of treatment, with empha- 
sis on hamstring stretching. It is our observation that patients 
who can overcome their hamstring tightness and spasm tend 
to have less pain and fare better. Persistent tightness of the 
hamstrings is associated with continued pain and, perhaps, an 
ultimate need for operative treatment. 


SURGICAL MANAGEMENT 


= Indicated for the child with persistent low back or leg pain. 
=" Rarely indicated in patients with less than 50% slippage. 
In these patients, all efforts at nonoperative treatment should 
be exhausted before an operation is considered, as it is 
known by natural history that the chance of progressive slip- 
page is low. 
= Indicated for the symptomatic, skeletally immature or ma- 
ture individual with greater than 50% slippage. 
= Based on the patient’s degree of slippage and symptoms, 
several operative options are available. 
= Posterolateral in situ fusion 
" Gold standard, with longest follow-up. 
" Reserved for patients with no neurologic symptoms. 
" Does not correct deformity unless patient is postop- 
eratively placed in a hyperextension bilateral pantaloon 
spica cast. 
= With or without instrumentation. Use of instrumentation 
can obviate the need for postoperative immobilization and 
may increase fusion rates. 
" Postoperative immobilization ranges from nothing to a 
brace with thigh extension to a bilateral pantaloon spica cast. 
" Gill procedure (removal of posterior elements of LS) is 
done if preoperative neurologic symptoms are present or re- 
duction is planned. 
=" Bohlman posterior transsacral arthrodesis 
= Can be used with or without instrumentation 
= Can reduce slip angle 
" Can provide anterior interbody support through a poste- 
rior-only approach 
" Provides opportunity for decompression of L5 and S1 
nerve roots 
= Instrumented posterolateral fusion with reduction of L5-S1, 
posterior lumbar interbody fusion, and sacral dome osteotomy 
= Extensive, time-consuming procedure 


= Sacral dome osteotomy effectively shortens the spine and 
allows for posterior translation of L5 on $1 

= Gill procedure at L5 to allow for displacement after 
reduction 

" Requires exploration and decompression of L5 and S1 
nerve roots 

= Anterior interbody support is achieved by L5-S1 discec- 
tomy and posterior lumbar interbody fusion procedure 


Preoperative Planning 


= Type of incision (midline versus transverse curvilinear) 

= Will decompression be needed? 

" Should fusion extend to L4? 

= What type of bone graft will be used? 

" Will instrumentation be used? 

= Will postoperative immobilization be used? 
=" Consultation with neuromonitoring for preoperative base- 
line somatosensory evoked potentials (SSEPs) and electromyo- 
graphic (EMG) studies 
=" Consultation with urology for urodynamic studies 


Positioning 

=" Neurologic monitoring leads are placed for SSEPs and EMGs. 
=" Multiple large-bore intravenous lines, an arterial line, and a 
Foley catheter are placed. 

= The patient is then transferred to the prone position on a 
standard operating table, with care taken to ensure that the 
hips are at the level of the table joint so that flexion and ex- 
tension of the lumbar spine can be controlled by movement 
of the table. 

= Extension of the hips may direct the superior endplate of the 
sacrum toward the inferior endplate of L5. 

= Flexion of the hips may allow for more of a passive postural 
reduction (FIG 4). 

=" Bolsters underneath the chest and anterior superior iliac 
spines prevent abdominal compression and allow epidural ve- 
nous return, thus decreasing epidural bleeding during spinal 
surgery. 

= All bony prominences are well padded, including medial el- 
bows, knees, shins, and ankles. 

= A lateral fluoroscopic image is taken at the lumbosacral 
junction to see if passive postural reduction has occurred. 

= After the patient is properly positioned on the table, base- 
line neurologic monitoring is obtained before the start of the 
procedure. 


Approach 


=" We prefer a standard midline incision from L4 to the sacrum. 
" This allows for bilateral posterolateral exposure of the 
spine out to the tips of the transverse processes. 
" If desired, bone graft can be harvested from both ilia. 





FIG 4 e Patient positioning. Note flexion of hips. 
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EXPOSURE 


The patient is prepared and draped in the standard 
fashion. 

A PA fluoroscopic image is taken to verify levels. 

The incision is marked and Marcaine with epinephrine is 
injected along the course of the incision for local anes- 
thesia and hemostasis. 

The skin is sharply incised with a no. 15 blade scalpel and 
retractors are placed. 

Electrocautery is used to dissect through the subcuta- 
neous fat until the fascia is reached. 

The spinous processes are identified via palpation. Care 
needs be taken at the L5-S1 level because of the dis- 
placement of L5 on S1 (TECH FIG 1). 

Bovie cautery is used to subperiosteally expose the poste- 
rior elements out to the tips of the transverse processes. 
At L5 the transverse processes are very deep within the 
wound. 

Care needs be taken while exposing the transverse 
processes as the nerve roots lie anterior to them. 

The sacrum is exposed posterolaterally out to the level of 
the ala. 


INSTRUMENTATION 


We prefer to place the pedicle screws before performing 
the decompression and reduction. 

Fluoroscopic imaging is often necessary when placing 
screws at the L5 level because of the distorted anatomy. 
We use fluoroscopic imaging for the placement of $1 
screws to ensure tricortical purchase anteriorly on the 
sacrum. 

We have found it useful to use polyaxial screws at all lev- 
els, with reduction screws at L4 and L5. 

If difficulty is encountered while placing screws at L5, the 
surgeon can wait until the decompression is done and 


DECOMPRESSION 


Decompression is done if preoperative neurologic symp- 
toms exist or if a reduction is planned. 

Both lamina and the spinous process of L5 are removed 
en bloc (Gill fragment; TECH FIG 2A). 

The L5 nerve roots are identified and are traced from 
their exit from the dura out the neural foramina. It is cru- 
cial that the nerve roots be decompressed if a reduction 
is to be considered (TECH FIG 2B). 

The S1 nerve roots are often found draped over the 
sacrum, and again care should be taken that adequate 
space exists for their displacement after reduction. 


TECH FIG 2 © A. Posterior elements of L5 vertebra (Gill frag- 
ment). The ruler shows size in centimeters. B. Intraoperative 
photograph after removal of Gill fragment. The L5 nerve 


roots can be identified. 








TECH FIG 1 « Exposure of Ilumbosacral spine. 


then use a Woodson elevator to palpate the pedicle 
within the canal. 

Placement of pedicle screws at L5 can be difficult be- 
cause the surgeon must direct the screws in an awkward 
trajectory. 

When placing pedicle screws we prefer an exagger- 
ated lateral trajectory to provide for better pullout 
strength. 

Consideration can be given to bicortical purchase (ante- 
rior penetration) with the L5 screws to increase pullout 
strength during reduction. 
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ROD PLACEMENT 


Rod length should be measured and an exaggerated lor- 
dosis will be needed to be bent into the rod. If this is not 
done, the surgeon risks pullout of the L5 screws during 
rod placement (TECH FIG 3). 

The amount of lordosis will depend on the amount of re- 
duction desired: if no reduction is planned, the rod will 
have more lordosis to allow for in situ placement. 
Conversely, reduction of L5 can also be achieved by dis- 
traction at L4-S1. 

Reduction screws greatly facilitate rod placement at both 
L4 and L5. 





TECH FIG 3 e Intraoperative flu- 
oroscopic image of lumbosacral 
junction. Note the lordosis of 
the rod to minimize risk of pedi- 
cle screw pullout. 





BONE GRAFT 


During the initial exposure of the spine, all soft tissue at- 
tachments should have been removed from the posterior 
elements. 

The facet joints are best removed with a large rongeur. 
The posterior elements are decorticated with a burr. 
Large amounts of bone graft are placed in the pos- 
terolateral gutters. An attempt should be made to 


CLOSURE 


At our institution, before closure the wound is assessed 
for any frank bleeding vessels and bone graft is placed. 
Drains are placed for wounds considered at risk for 
hematoma formation. 

Fascia is closed with figure 8 braided absorbable suture 
(no. 1 Vicryl). The goal is a watertight closure. 
Subcutaneous layers are closed with interrupted braided 
absorbable suture (no. 0 and 2-0 Vicryl). The goal is to de- 
crease wound tension. 

Skin is closed with a running single filament absorbable 
(3-0 Monocryl). The goal is cosmetic closure. 


PEARLS AND PITFALLS 





place bone anterior to the tips of the transverse 
processes. 

When a Gill procedure is done, this unfortunately removes 
surface area for fusion at the lumbosacral junction. 

Care should be taken that no bone graft fragments im- 
pinge on the exiting nerve roots. 


Skin closure is reinforced with 1-inch 3M Steri-Strip 
Adhesive Tape Closures and surgical adhesive (Mastisol 
Liquid Adhesive). 

Sterile compression dressings are applied to decrease the 
risk of postoperative hematoma. 

Extreme care needs to be taken when transferring the 
patient to the stretcher. 

An assistant is needed to hold the hips and knees flexed 
at 90 degrees during transfer. 

Pillows need to be placed under the thighs to hold the 
hips and knees flexed. 
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Bovie electrocautery ™ Decreased bleeding 


Neurologic monitoring with 
preoperative baseline studies 


Postoperative neurovascular checks 
must be tested. 


POSTOPERATIVE CARE 


=" Careful neurologic examinations need to be performed post- 
operatively, especially if a reduction has been done. All lumbar 
nerve roots need to be tested. 

=" The Foley catheter is removed on postoperative day 2 and 
urinary function is closely monitored. 


=® Helps minimize risk of neural injury 


= Neurovascular checks must be done frequently postoperatively and all lumbar nerve roots 


= If the plan is for the patient to be placed in a spica cast, he 
or she is returned to the cast room 1 week after surgery and 
placed on a Risser table in hyperextension. A pantaloon hip 
spica cast is applied. 

= If instrumentation is used, no postoperative immobilization 
is required. 
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FIG 5 Postoperative radiograph. 


= The hips and knees are progressively extended (pillows re- 
moved) as tolerated. This may take several days. 

= Patient may be out of bed to a chair the morning after 
surgery with the hips and knees flexed. 

= Ambulation is progressed as the patient is able to tolerate in- 
creased flexion at the hips and knees. 

= The patient is followed clinically and radiographically at 
monthly intervals to assess progress (FIG 5). Consideration 
should be given to performing a CT scan at 6 months to assess 
the quality of the spinal fusion mass. 


OUTCOMES 


= If reduction is performed, there may be an improvement in 
clinical appearance. 
= Hamstring spasm is often relieved after operative intervention. 


COMPLICATIONS 


=" Wound hematoma 
=" Infection 


= Pseudarthrosis 

=" Urinary retention may require prolonged use of a Foley 

catheter or intermittent straight catheterization. 

=" Neurologic injury 
" The risk of neurologic complication increases with the 
amount of reduction performed. 
" Motor deficits that are detected at the conclusion of the 
procedure are probably best treated with exploration and 
release of correction. 
" Fortunately, most motor deficits will improve with time, 
although improvement and recovery may take several 
months. 
" Postoperative radicular-like symptoms are managed with 
close observation and liberal use of gabapentin. 
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DEFINITION 


=" Spondylolisthesis is the forward displacement of a vertebra 
over the next adjacent segment. 
=" In children and adolescents, this most commonly occurs in 
the presence of a spondylolytic defect or a nonunion of the 
pars interarticularis. It also may occur in the presence of inher- 
ent spinal anomalies such as deficient or maloriented lumbar 
and lumbosacral facets. 
= Spondylolisthesis has been grouped into five different types 
under the Wiltse-Newman classification: dysplastic, isthmic, 
degenerative, traumatic, and pathologic.*° 
" Ordinarily, the dysplastic and isthmic types apply to chil- 
dren (FIG 1A). 
= The Meyerding classification is used to grade the degree of 
slippage (FIG 1B). The classification is divided into five 
grades: 
= Grade I: 0 to 25% slip 
Grade II: 26% to 50% slip 
Grade III: 51% to 75% slip 
Grade IV: 76% to 100% 


A 
a 
a 
" Grade V: corresponds to spondyloptosis 





A Dysplastic Isthmic 





Grade Il Grade Ill 


B Grade | 








Grade IV 


Decompression, Posterolateral, 
and Interbody Fusion for 
High-Grade Spondylolisthesis 


ee ee ee ee eee > 
Gilbert Chan and John P. Dormans 


= Anterior slippage of 50% or more (Meyerding grade III or 
IV) of the transverse width of the caudal segment is termed a 


high-grade slip. 


ANATOMY 


= The vertebral bodies have a tendency to increase in size with 
progression caudally. This increase is believed to be related to 
the demands of increased stress and weight bearing placed on 
the lumbosacral spine. 

=" The lumbar vertebrae are widest in transverse diameter than 
in the anterior-posterior plane. The lumbar foramina appear 
trefoil-like. The spinous processes are large and have an ob- 
long appearance. Its transverse processes are long and slender 
and project directly lateral. The facet joints of the lumbar 
spine are oriented more toward the sagittal plane, allowing for 
more flexion and extension motion. 

= The neurovascular structures in the lumbar spine run a sim- 
ilar course when compared to the thoracic spine. The segmen- 
tal vasculature arises directly from the aorta and run dorsally 
around the lateral aspect of each vertebral body. Branching oc- 
curs near the pedicles, where one branch supplies the spinal 


FIG 1 © A. The dysplastic and isthmic types 
of spondylolisthesis. B. The Meyerding 
classification is based on degrees of 
slippage: grade I, 0 to 25%; grade II, 26% 
to 50%; grade Ill, 51% to 75%; 

grade IV, 76% to 100%. 
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canal and the other supplies the paraspinal musculature. These 
vessels run between the transverse processes, where they may 
be susceptible to injury in more lateral exposures. 

= The spinal cord ends most commonly at the level of L1-2. 
The conus medullaris extends from the most distal portion and 
goes on to innervate the bowel and bladder. Beneath the 
conus, the lumbar and sacral nerve roots are arranged to form 
the cauda equina. Each of these roots exits segmentally below 
the pedicle of the corresponding vertebrae. 

= The pedicles are cylindrical structures that bridge the poste- 
rior elements of the spine with the vertebral body. The height 
and diameter of the pedicles increases from the thoracic to the 
lumbar spine. The transverse diameter of the pedicle gradually 
increases from L1 to LS. The transverse angulation of the pedi- 
cles is directed medially, increasing gradually from L1 to LS. 
The sagittal plane orientation of the lumbar spine pedicles is 
neutral 2°18:20:2527 

= The spinal cord and the dural sac lie medial to the pedicles. 
Corresponding nerve roots are found both superior and infe- 
rior to each pedicle, with the inferior nerve root in closer prox- 
imity to the pedicle.*»?° 

= The orientation of the facet joints in the lumbar and lum- 
bosacral spine is related to function. In the upper part of the 
lumbar spine, the orientation of the joints allows for multidi- 
rectional stabilization. This is in contrast to the lumbosacral 
facet joint, which is flat and more coronally oriented and acts 
to resist shearing forces through the joint.’ 


PATHOGENESIS 


= Spondylolisthesis is a disorder related to upright posture, in- 
creasing the forces acting upon the lower segments of the 
spine, and is never seen in the nonambulatory individual. 

=" The lumbar spine is subject to high shear forces and com- 
pressive loads. The “bony hook,” consisting of the pedicle, the 
pars interarticularis, and the inferior facets, provides stability 
by resisting these shear forces and preventing forward slippage 
or sliding over the inferior endplates. 

= In the setting of congenital or dysplastic spondylolisthesis, 
the spine begins to slip even if the posterior elements are intact. 
This is brought about by the structural abnormality’s inability 
to resist the load and shear forces seen in the lumbosacral spine. 
= In the isthmic type of spondylolisthesis, secondary to a pars 
defect, the high shear and compressive forces occurring 
through the lumbar spine and lumbosacral joint are less well 
resisted. This is due to the loss of posterior restraint, allowing 
forward displacement of one vertebral segment over the next 
more caudal level.’ 


NATURAL HISTORY 


= Harris and Weinstein’? reviewed 38 cases with high-grade 
spondylolisthesis treated nonoperatively and with in situ fu- 
sion with a mean follow-up of 24 years and showed that 36% 
of patients treated nonoperatively were asymptomatic, 55% 
had back pain, and 45% had neurologic symptoms. 

= Beutler et al,’ in a 45-year follow-up study of 30 patients di- 
agnosed with spondylolysis, screened in the 1950s from a pool 
of 500 first-grade children, showed that no patients with unilat- 
eral pars defects developed spondylolisthesis. They also showed 
that cases with bilateral pars defects and low-grade slips follow 
a course similar to that seen in the general populace. Slowing of 
slip progression was observed with each decade. 





FIG 2 © A 14-year-old boy diagnosed with spondylolisthesis with 
flattening of the lumbar lordosis. 


=" In a comparison of the progression of the slip between isth- 
mic and dysplastic types of spondylolisthesis, dysplastic types 
showed increased progression.’” 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= In symptomatic patients, the most common clinical manifes- 
tation is low back pain, with or without radicular pain radiat- 
ing through the LS or $1 dermatome. Onset of pain is usually 
chronic and insidious, but acute episodes do occur. 

=" In patients with radicular symptoms, unilateral involvement 
is more common. 

= Flattening of the lumbar lordosis is commonly seen on phys- 
ical examination (FIG 2). 

= Abnormal gait exemplified by a hip-flexed, knee-flexed gait 
pattern may be present. 

=" Hamstring tightness, which also may be present, is tested by 
measuring the popliteal angle. Many patients with high-grade 
slips will have a tendency to develop tight hamstrings owing to 
the development of abnormal biomechanics in the lumbar spine. 
= Straight leg raise should be done to test for nerve root com- 
pression or hamstring tightness. A positive examination with 
radicular pain denotes either an L5 or $1 nerve root compres- 
sion. Radicular pain elicited before 70 degrees is indicative of 
root compression, whereas that elicited above 70 degrees 
might denote extraspinal compression of the sciatic nerve. Pain 
in the posterior thigh denotes hamstring tightness. 

=" A rectal examination should be done in the presence of blad- 
der and bowel dysfunction. 

=" Examination should also include the Lasgues test. If the pain 
is exacerbated, that finding supports the diagnosis of a nerve 
root compression. Posterior thigh pain secondary to tight ham- 
strings will not be aggravated. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Initial imaging includes standing posteroanterior and lateral 
radiographs of the spine as well as oblique views (FIG 3A-C). 
= Plain radiographs are used to establish the overall alignment 
of the spine in both the coronal and sagittal planes. The 
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FIG 3 e PA (A), lateral (B), and left and right oblique (C) radiographs demonstrating high-grade spondylolisthesis. Axial 
(D) and sagittal (E) CT scan sections demonstrating bony deformity. F. MRI demonstrating high-grade spondylolisthesis. 


sagittal alignment should be noted, particularly the degree of 
lumbar lordosis above the lumbosacral kyphosis. Any struc- 
tural abnormalities in the spine aside from the slip should be 
noted. These abnormalities include the presence of spina bifida 
occulta, scoliosis, or sagittal plane abnormalities. Other spinal 
problems should be treated as separate entities. 

CT scans are valuable in defining the exact bony abnormal- 
ity and will help in preoperative planning ( ). 

MRI studies are indicated when there is evidence of neuro- 
logic compromise. MRI provides good visualization of nerve 
root or cauda equina compression ( ). 


Mechanical disorders: trauma, overuse syndromes, herni- 
ated disc, slipped vertebral apophysis 

Developmental disorders: Scheuermann’s kyphosis 

Inflammatory disorders: discitis, vertebral osteomyelitis, 
calcific discitis, rheumatologic conditions 

Neoplastic disorders 


The treatment of high-grade spondylolisthesis is surgical. 
Even in asymptomatic cases, the risk of progression or the 
development of cauda equina syndrome warrants surgical 
intervention. 


The first goal of surgical management is to avoid complica- 
tions (“first do no harm”). 

Surgical management is indicated in high-grade slips, with 
or without the presence of neurologic compromise, or in re- 
fractory symptomatic patients. 

Selecting the appropriate surgical intervention for each pa- 
tient requires: 

A thorough evaluation of the deformity 

An in-depth understanding of the nature of the pathology 

An understanding of the indications for treatment 

Awareness of the limitations of each procedure and its 
possible complications 
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Preoperative Planning 


= A detailed assessment of the history and physical and neuro- 
logic examinations should be performed. 
= All imaging studies must be carefully reviewed and analyzed 
with attention to trying to correlate physical and neurologic 
findings with those found in special examinations. 
= The degree of the slip as seen on the lateral standing spine 
radiographs is assessed and graded according to the 
Meyerding classification. 
" Slippage of 50% or more is considered a high-grade slip. 
=" The slip angle measures the degree of lumbosacral kyphosis. 
" A slip angle greater than 50 degrees is associated with 
progression, instability, and pseudoarthrosis (FIG 4A), 
=" Pelvic incidence (PI) is a fixed anatomic parameter that esti- 
mates the position of the sacral endplates and overall pelvic 
morphology. It helps determine the overall sagittal profile of 
the spine.”?!* 
" The PI increases with age and stabilizes in adulthood.'* 
" The mean PI is 47 degrees in children and 57 degrees in 
adults. 
= Increased PI is indicative of increased lumbar lordosis and 
increased shear forces (FIG 4B). Increased PI may predis- 
pose to the development of spondylolisthesis.*:!*»'* 
" In the presence of spondylolisthesis, an increased PI may 
be indicative of an unbalanced pelvis and is a risk factor 
for slip progression. Slip reduction is required in these 
cases to restore proper spinopelvic biomechanics and sta- 
bilize the spine. In those cases, where the spine is balanced 
and PI is low, a fusion in situ may be all that is required for 
treatment. 
Positioning 
= The patient is positioned prone on the operative frame. 
=" Two operative positions are commonly used for posterior 
approaches to the spine. 
" The first is the knee-chest position, where both the hips 
and knees are flexed. 
= The second position is with the use of a four-poster frame, 
where the lower extremities are fairly parallel to the trunk. 
In this position, the patient is supported under the anterior 
superior iliac spines and pectoral muscles bilaterally. 





A 


FIG 4 « A. Slip angle is a measure of lumbosacral kyphosis. A 
slip angle greater than 50% is associated with progression, in- 
stability, and pseudoarthrosis. B. Pelvic incidence is the angle 
formed between a line perpendicular to the center of the sacral 
endplate and a line connecting this point to the center of the 
femoral heads. It is a good indicator of pelvic shape and mor- 
phology. Increased pelvic incidence has been associated with in- 
creased shear forces and the development of spondylolisthesis. 


= Our preference is to place the patient in the Jackson spinal 

table with the hips and knee in the flexed position, allowing 

for easier access to the lumbar spine. 
= The position of the face and arms is important. The face 
should be adequately supported, making sure that no exces- 
sive pressure is applied, especially around the orbits. The 
neck should be in neutral position. The upper extremities 
should also be in 90-90 position, in which the arms are in 
90 degrees of abduction and the elbows are in 90 degrees of 
flexion. The upper extremities should be adequately padded 
to allow for venous and arterial access. Adequate padding, 
support, positioning, and monitoring of the upper extremi- 
ties likewise prevents undue neurologic injury due to stretch 
or excessive pressure. '” 





ROUTINE REVISION WITHOUT DIAPHYSEAL DEFECT 


Bohlman Technique 


= In the Bohlman technique,** the procedure starts with a 
standard posterior midline approach extending from the 


second lumbar vertebra to the level of $2. 


= The spine is exposed subperiosteally, revealing all the 


posterior elements. 


= The posterior elements of L5 and $1 are removed (the 


posterior elements of L4 are removed if needed). 


=  Awide foraminotomy is performed to decompress the L5 


and S1 nerve roots. 
The dura is gently freed and retracted. 


A curved osteotome is used to make a ventral trough 
through the sacrum to remove pressure from the dura 


(TECH FIG 1A). 


= The dura Is retracted, and a %-inch guide pin is placed in 
the midline of the sacrum toward the body of L5. This is 


done under fluoroscopic guidance to ensure proper 
placement. 
= A *%inch cannulated drill bit is used to drill over the 
guide pin, taking extra care not to violate the anterior 
cortex of L5. The depth is approximately 5 cm. 
= A mid-diaphyseal fibular graft is trimmed to fit into the 
drill hole and inserted (TECH FIG 1B). The position of the 
graft is confirmed fluoroscopically. 
= Alternatively, a split fibular graft can be inserted as de- 
scribed by Bohlman in 1982.7 
=" This is performed by inserting a guide pin through 
the posterior prominence of the sacrum approxi- 
mately one cm from the midline to the body of L5, 
avoiding the first sacral nerve root. The position of 
the guide pin is confirmed radiographically. This 
process is done bilaterally. 
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TECH FIG 1 © A. A wide laminectomy is performed removing 
the posterior elements of L5 and $1. The dura is retracted 
gently, and a curved osteotome is inserted to perform a 
sacroplasty to take pressure off the dura. B. A fibular strut 
graft is fashioned and inserted into the sacrum to the body of 
L5. The procedure is then completed by performing bilateral 
posterolateral fusion. 











Lumbar 
spinal nerve 


Segmental 
lumbar artery 


C Vena cava 


=" A %inch cannulated drill bit is used to drill over each 
guide pin, taking extra care not to violate the ante- 
rior cortex of L5. The depth is approximately 5 cm on 
both sides. 
=" A fibular graft is split in half and trimmed. It is then 
inserted and countersunk 2 mm into each hole. 
=" A standard posterolateral transverse process fusion is 
done, extending from the sacral alae to L4, to complete 
the procedure. 


Children’s Hospital of Philadelphia 
(CHOP) Technique 


Incision and Dissection 


= The lumbar spine is approached posteriorly through a 
direct midline incision extending from L2 to $2 (TECH 
FIG 2A). 

m The dissection is done using loupes for magnification 
and head lamps for illumination. 

= — The midline incision is carried down to the fascia through 
sharp dissection of the skin and subcutaneous tissue. 

= The midline dissection is carried down subperiosteally, 
exposing the posterior elements of the spine, with care 
taken to protect the most proximal intact facets (TECH 
FIG 2B,C). 


Spinous process of 
proximal vertebra 









Lamina of 
proximal vertebra 


Intervertebral 
disc 
Aorta 


TECH FIG 2 « A. A direct midline posterior skin incision 
along the spine is made, extending from L4 to S82. 
B,C. The fascia is incised along with the skin incision, and 
the paraspinal muscles are dissected off of the posterior 
elements subperiosteally. 
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= In isthmic spondylolisthesis, removal of loose bodies and 
the posterior elements of L5 is done. 


Decompression 


= The nerve roots of L5 and S1 are identified, and a wide 
decompression of the L5/S1 roots is carried out bilaterally 
(TECH FIG 3A). 

= The dura and neural elements over the sacrum are gen- 
tly retracted, and a sacroplasty is done using an os- 
teotome or a high-speed diamond burr (TECH FIG 3B). 


Reduction and Fusion 


= Pedicle screws are placed into the L4, L5, $1, and S2 pedi- 
cles (TECH FIG 4A). 





. = The anesthetic and spinal monitoring team is informed 
TECH FIG 3 © A. A wide laminectomy and adequate decom- before any corrective maneuvers are performed. 
pression of the nerve roots are performed. B. A sacroplasty is ™ The reduction is performed under fluoroscopic guidance, 
then performed to take pressure off of the dura. avoiding overcorrection. With the use of reduction tools 





E 


TECH FIG 4 « A. Pedicle screws are placed from L4 to 82. Once all of the pedicle screws have been placed, 
a gentle reduction is performed, aimed at correcting the slip angle. B. Using reduction tools attached to 
the pedicle screws, a dorsal extension force is applied to the lumbar spine while a counterforce is applied 
to the sacrum. This maneuver gently corrects the slip angle and restores |umbar lordosis. Attention to 
spinal cord monitoring is crucial at this point in the operation to avoid undue neurologic injury. C. 
Following correction of the slip angle, gradual correction of the slip is performed by applying pressure on 
the sacrum while the lumbar spine is held and a gentle force is applied in the opposite direction, afford- 
ing reduction. Overcorrection of the slip should be avoided. D. The entire construct is checked after re- 
duction under fluoroscopy to ensure proper implant placement and adequate correction of the spondy- 
lolisthesis, and final tightening is done. E. The dura is gently retracted, and a cage is placed to add ante- 
rior column support. F. Alternatively, fibular strut grafting may be used to provide anterior column sup- 
port. This is done by inserting a guide pin through the sacrum to the body of L5. (continued) 





Sacrum— 


G 








L3 


L4 
Laminectomy 


ES 





ceo 


cannulated drive H 


attached to the pedicle screws, the slip angle is gradually 

reduced under fluoroscopic guidance by applying a dor- 

sal extension maneuver to the lumbar pedicle screws 

(TECH FIG 4B). 

=" The reduction is performed slowly and maintained 
over time to allow for stretch of the soft tissue. Once 
a satisfactory correction of the slip angle has been 
achieved, gradual reduction of the slip is performed 
by applying force to the sacrum, while a counterforce 
is applied to the lumbar spine (TECH FIG 4C). 

™ Reduction of the slip angle is much more important 
than reduction of the slip itself. Close attention to 
spinal cord monitoring is crucial during the entire re- 
duction maneuver. 

The rods are templated, cut, and contoured, and then at- 

tached to the construct while reduction is maintained. 

Final tightening of the entire construct is done and 

checked with fluoroscopy or plain radiographs (TECH 

FIG 4D). 

The L5-S1 disc is identified and removed, a fusion is per- 

formed, and the L5-S1 disc space is filled with cancellous 

autograft or allograft. 


PEARLS AND PITFALLS 
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Bone graft 
(fibula) 


TECH FIG 4 e (continued) G. A. cannu- 
lated drill bit is used to ream through to 
the body of L5. H. A split fibular graft is 
fashioned and countersunk into each drill 
hole bilaterally. 


An anterior cage is placed to provide adequate anterior 

column support (TECH FIG 4E). 

As an alternative, a double split fibular strut graft (mod- 

ified Bohlman technique) can be inserted from the 

sacrum to the body of L5 to add anterior column sup- 

port. The dura is gently retracted to one side, and a 

guide pin is inserted from the sacrum to the body of L5 

(TECH FIG 4F). 

= A 6-mm cannulated reamer is then used to ream this 
channel (TECH FIG 4G). 

A fibular auto- or allograft is then placed through the 

channel and countersunk (TECH FIG 4H). 

= The same procedure is repeated on the contralateral 
side. 

The procedure is completed by placing bone graft lateral 

to the implants along the transverse processes from L4 to 

the sacrum. 

Meticulous hemostasis is carried out, and a layer-by-layer 

closure of the operative site is performed. 
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Indications 


= A complete history and physical and neurologic examination must be performed before surgery. 


= All needed and appropriate imaging studies must be evaluated carefully to identify all aspects of the de- 
formity—including the degree of the deformity and the type (eg, isthmic vs congenital)—as well as any 
other spinal deformity that may be present (eg, spina bifida occulta). 


Surgical exposure ® Careful and meticulous technique must be observed. Care should be taken, especially when pathologies 
such as spina bifida occulta are present, to prevent iatrogenic neurologic injury. 


= Decompression of at-risk nerve roots is a key component to exposure and operation. 


Instrumentation = Careful preparation should be undertaken before performing instrumentation and reduction. 
= Adequate decompression of all neurologic structures at risk should be ensured to prevent iatrogenic injury. 


= Close attention must be paid to neurophysiologic monitoring during both instrumentation and reduction. 


Reduction 


to allow for relaxation of the soft tissue structures. 
= Avoid excessive reduction. Reduction of the slip angle is more important than complete reduction of the 
slip. Excessive reduction may result in neurologic compromise. 


= Slow, gentle force is applied during the reduction maneuver. This procedure should be done over time 
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FIG 5 e Radiographs from a 17-year-old girl with high-grade isthmic spondylolisthesis who underwent decompression, re- 
duction, and instrumented fusion. A,B. Initial PA and lateral radiographs showing the preoperative deformity. C,D. PA 
and lateral films showing postoperative correction using the CHOP technique. 


POSTOPERATIVE CARE 


= High-quality radiographs are taken immediately postopera- 
tively to ensure proper graft and instrumentation placement 
before the patient is taken out of the operative suite (FIG 5). 
= In the immediate postoperative period, the hips and knees 
are flexed and elevated using pillows to alleviate pain. 

= Pain control is instituted (eg, intrathecal analgesia and IV 
patient-controlled analgesia), and the patient is fitted with a 
thoracolumbosacral orthosis (TLSO) for comfort. The patient 
is then encouraged to stand and ambulate as tolerated. 
Postoperative anteroposterior and lateral standing spine radi- 
ographs are taken before discharge. 

= Activity restriction (ie, avoidance of bending and rotational 
motion) is carried out until fusion has occurred. 

= The patient may return to sports and strenuous physical ac- 
tivity after 1 year as long as spinal fusion has been confirmed. 
Adequate precautionary measures should be taken before en- 
gaging in any contact sport. 

= Full-contact sports, which may entail collision, should still 
be avoided. 


OUTCOMES 


= In high-grade spondylolisthesis treated with in situ fusion 
techniques, clinical improvement in back pain symptoms has 
been reported in 74% to 100% of cases. Solid fusion rates 
have also been reported to be 71% to 100% .9%:!?949:74 

= A study on 18 adolescents with high-grade spondylolisthesis 
treated with instrumented reduction and fusion reports com- 
plete resolution of preoperative neurologic symptoms with 
100% fusion rates. No loss of fixation or instrument-related 
failures were reported at a minimum of 2 years’ follow-up.”' 
= Another series'® comparing in situ fusion, decompression, 
reduction and instrumented posterior fusion, and circumferen- 
tial fusion techniques in treating high-grade spondylolisthesis 
reports a 45% (5 of 11 patients) pseudoarthrosis rate in 
patients treated with in situ fusion and a 29% (2 of 7 patients) 
pseudoarthrosis rate in cases treated with posterior decom- 


pression, instrumentation, and fusion. All of these cases had 
small transverse processes (less than 2 cm*). Circumferential 
techniques achieved the highest fusion rates. Excellent func- 
tional outcomes were observed in those cases where a solid fu- 
sion was achieved. Final outcomes, however, did not differ 
among the three groups. 

=" Another study comparing posterior fusion and reduction 
with posterior fusion and reduction augmented by anterior 
column support reported a 39% pseudoarthrosis rate in pos- 
terior fusion alone. In the cases augmented with anterior col- 
umn support, 100% fusion rates were achieved.'® 


COMPLICATIONS 


=" Pseudoarthrosis 
" Pseudoarthrosis is the most common complication. 
= Signs include lucency around implants, implant breakage, 
and slip progression. 
= Pseudoarthrosis may be minimized by using meticulous 
technique and proper preparation of the graft site. 

=" Neurologic complications 
=" Root lesions (L5 root) 
" From direct trauma, manipulation of nerve roots, 
epidural hematoma formation (compression) 
= Cauda equina syndrome 

Autonomic dysfunction 

Chronic pain 

Immediate release of the correction should be done when 
necessary. 
=" Must be thoroughly evaluated with proper imaging 
techniques 
" May be minimized by good preoperative planning and 
meticulous surgical technique and by using multimodality 
spinal cord monitoring 

= Transition syndromes 
= Spondylolisthesis acquisita 
= Adjacent segment degeneration 
= $1-S2 deformity 

= Instrument-related complications 
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DEFINITION 


= ‘The treatment of neuromuscular spinal deformities frequently 
requires fusion to the pelvis with firm fixation. This can be ac- 
complished with a number of devices that allow for correction 
of pelvic obliquity and pelvic rotation while allowing for a solid 
base on which to attach rods for correction of curves above. 
=" One of the most reliable structures in the formation of the 
spine, even in the dysplastic setting of myelomeningocele, is 
the sacral ala. 
" The S-rods are contoured to press-fit over the sacral ala. 
" Historically the elongated Harrington hooks were used in 
a similar manner. 


ANATOMY 


= The sacral ala in children is a structure 1.5 to 2 cm in depth 
(front to back) and 2 to 3 cm wide. 

= The L5 nerve root traverses anterior to the ala in an oblique 
direction progressing from posterior to anterior and superior 
to inferior obliquely from the neural foramina. 

= Immediately inferior to the pedicle of LS the nerve transgresses 
anterior to the sacral ala, separated by a distance of 1.5 cm. 

=" Besides the L5 root, the tissue anterior to the sacral ala is 
retroperitoneal fat. 


1,3,4 
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FIG 1 e Anterior view showing position of S-rod or S-hook with 
reference to L5 nerve root. 
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S-Rod Fixation to the Pelvis 
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=" Of key importance is identification and release of the ileo- 
transverse ligament traversing between the iliac wing and the 
LS transverse process. 
" ‘To ensure clear access to the sacral ala, this ligament must 
be released from its attachment to the transverse process 
(FIG 1). 
= The dissection of the soft tissues around the sacral ala is 
done posteriorly with a curette; the surgeon must use caution 
against inserting tools anterior to the sacral ala for fear of in- 
juring the LS nerve root or plunging into the retroperitoneal 
space. 


PATHOGENESIS 


=" The multiple types of neuromuscular scoliosis requiring fix- 
ation to the pelvis include cerebral palsy, dystrophic muscle 
conditions, spina bifida, and many others. 

= The types of pelvic abnormalities associated with spinal de- 
formities include pelvic obliquity, pelvic rotation, and flexion 
and extension of the sacrum. 


NATURAL HISTORY 


= The natural history is one of progression and worsening of 
these deformities. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Special imaging and other diagnostic studies are only occa- 
sionally necessary. 

= The sacral ala can usually be clearly visualized as a horse- 
shoe-shaped outline on upright or supine lateral radiographic 
films. 

=" The Ferguson view (45-degree angle) in the frontal plane 
provides the clearest view of the width. 

= If there is doubt, a CT scan can better elucidate the exact 
configuration. 


SURGICAL MANAGEMENT 


= The surgical management, in terms of preoperative plan- 
ning, positioning, and approach, is the same as for neuromus- 
cular scoliosis. 
= The techniques include cleaning of the soft tissues from the 
sacral ala with release of the ileotransverse ligament. 
=" The sizing of the hook to the size of the sacral ala in its 
front-to-back diameter can be done at surgery. 
= Small and medium sizes are available, and it is important 
to use the appropriate size rod or hook (right or left) so the 
rod lies medial to the ala (FIG 2). 
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FIG 2 © A. Left-sided S-hook, anterior view. B. Left-sided S-hook, posterior view. C. With a rod clamp positioned to 
demonstrate the posterior plane, a right-sided S-hook is shown in its correct position. D. Right-sided S-rod, side view. 


S-ROD PLACEMENT 





Proper alignment of the S-rod necessitates placement of 

the sagittal bends in the appropriate plane with reference 

to the best fit of the S-portion on the ala (TECH FIG 1A). 

=" This can be aided by placement of a vise grip on the 
rod in the plane of the lordosis once the S-portion of 
the rod is positioned over the sacral ala. 

The rod is removed from the wound and the three-point 

bender applied to produce the proper sagittal contours. 


TECH FIG 1 © A. Posterior view of a right-sided S- 
rod on the spine. B. Initial position of the S-hook 
on the rod for placement purposes, with 1 cm of 
rod protruding. C,D. The S-hook shown posi- 
tioned over the sacral ala and up the spine. 


If the S-hook is used instead, the sagittal contours can be 
made in the rod independent of the hook position. 

It is best to leave 1 cm protruding from the lower end of 
the hook when it is first placed on the ala (TECH FIG 1B). 
The S-hook is temporarily tightened to the rod and spread 
between the L4 pedicle screw and the S-hook by tighten- 
ing one Allen set screw on the hook (TECH FIG 1C,D). 

=" The correction of the spinal deformity can then occur 

above this area. 
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FINAL FIXATION 


Once the final correction has been achieved, the final 
tightening of the S-hook occurs by distracting once again 
between the L4 pedicle screw and the concave side S- 
hook, then the convex side rod, distracting the hooks to 
the end of the rod (TECH FIG 2). 

= Both Allen set screws are firmly tightened. 

A strong cantilever force can be created to correct pelvic 
obliquity by using two sagittally contoured rods fixed to 





PEARLS AND PITFALLS 





S-hooks positioned against the sacral ala distracted 
against the L4 pedicle screws. 
= A transverse rod connector above the S-hooks will 
supply further stability. 

= The pelvis can then be pivoted by grasping the rods above 
and correcting the pelvic deformity in one maneuver. 

= The final fixation of the S-hook is completed with both 
set screws firmly tightened. 


TECH FIG 2 « A. The final seating of the 
S-hook, distracting it against the L4 pedi- 
cle screw. B. Final position of the S-hook 
on the rod. 





The surgeon must avoid the pitfall of thinking the 
transverse process of L5 is the ala and positioning 


the S-hook or S-rod against this structure. 


The surgeon should avoid using an L5 pedicle screw. 


= This can happen if the ileotransverse ligament is not completely 
released and the sacral ala clearly visualized (FIG 3). 


= An L4 polyaxial pedicle screw works well to ensure proper pressure 


and fixation between the L4 screw and the sacral ala. 


FIG 3 e 





anterio 


POSTOPERATIVE CARE 


= It is important to maintain hip flexion at 45 degrees or 
greater for the first 6 months to avoid levering on the pelvis 
with physical therapy. 

" No physical therapy is done about the hips for the first 6 


months. 


The sacral ala clearly demonstrated during a 


myelokyphectomy with only the surgeon’s finger inserted 


r to the ala. 


OUTCOMES 


= This technique has been used in more than 200 cases since 
1984. Outcomes are generally solid fusions, ease of caregiving, 
and attainment of level pelvis for sitting (FIG 4). 
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FIG 4 e Neuromuscular spinal deformity: spastic lordoscoliosis with S-hooks. 


COMPLICATIONS 


=" Rod migration into myelo pelvis with a growth rod 
= [ have not experienced any neurologic impairment of the LS 
root. 
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DEFINITION 


=" Developmental dysplasia or dislocation of the hip (DDH) is 
a disorder that may affect the development and stability of the 
hip joint during the critical period of growth, either in utero or 
after birth. 

=" This may lead to dysplasia, subluxation, or frank disloca- 
tion of the hip joint. 


ANATOMY 


=" Growth of the hip joint is genetically and mechanically 
determined. 
= In the first trimester, the structures of the joint begin as a 
single mass of scleroblastema with a globular femoral head 
that becomes cartilage at 6 weeks. 
" By 8 weeks’ gestation, the start of the fetal period, vascu- 
lar invasion leads to enchondral ossification. 
" The joint space develops by degeneration at 7 to 8 weeks 
and the structure of the joint is well apparent by week 11. 
" A round and reduced femoral head influences the concave 
shape of the acetabulum to develop. 
= Acetabular growth depends on interstitial, appositional, pe- 
riosteal new bone and secondary centers of ossification growth. 
= In the first two trimesters of fetal life the acetabulum is a 
hemisphere with a depth 50% of its diameter. However, by 
the time of birth the depth is only 40% of its diameter, 
which may contribute to instability at birth. 
" The acetabular labrum, which resembles an O ring 
(FIG 1A), contributes considerable mechanical stability 
and proprioceptive feedback (FIG 1B). 
" By 8 years of age the acetabular shape is for the most part 
determined and thus surgical reduction is less advised, espe- 
cially if the dislocation is bilateral. 
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" There is continued growth into adolescence, with the 
triradiate cartilage fusing by 13 years in girls and 15 years 
in boys. 
" Closure of the triradiate cartilage may occur earlier in the 
dysplastic hip. 
= By adulthood the acetabular depth is 60% of its diameter. 
=" The proximal femur is formed initially as a single chon- 
droepiphysis (FIG 1C), with the ossific nucleus typically ap- 
pearing in infancy at 2 to 8 months of age. 
=" There may be some side-to-side size discrepancy in 
appearance. 
= The greater trochanter nucleus appears at about 3 years in 
girls and 5 years in boys, with the lesser trochanter appearing 
by age 6 to 11 years. 
=" The femoral head vascularity is mostly from the medial and 
somewhat from the lateral femoral circumflex arteries. 
Because it is an intra-articular dome-shaped structure, this 
blood supply is susceptible to injury. 


PATHOGENESIS 


= Around the time of birth, capsular laxity, a normally shal- 
low acetabulum, and abnormal mechanical forces, such as 
those seen in breech presentation, may cause the hip capsule to 
be lax and to dislocate. 

= An absent or subluxated femoral head eventually leads to a 
flat, egg-shaped acetabulum, which is a consistent finding on 
three-dimensional computer modeling performed of the ac- 
etabulum (FIG 2A). 

=" With time the neolimbus, which is abnormally formed artic- 
ular cartilage, can develop at the edge of the acetabulum. It 
can be a barrier to reduction (FIG 2B).° 





FIG 1 ° A. Femoral head and acetabulum of newborn hip. Note the concentric nature of the 
acetabular labrum, resembling in form and function an O ring. B. Acetabular labrum in a sec- 
ond-trimester human fetus. $100 stain shows nerve tissue extending to the tip of the labrum. 
This is evidence of the proprioceptive function of the labrum. C. Coronal section of a third- 
trimester fetal hip joint showing the extensive cartilaginous nature of the femoral chondroepi- 
physis and the acetabular cartilage. (A: Courtesy of Gene Mandell, MD.) 
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FIG 2 © A. Three-dimensional computer-generated hip model of 
adolescent with longstanding left hip developmental dysplasia. 
The acetabulum is shallow and elongated in its superior aspect, 
resembling an egg. B. Intraoperative left hip arthrogram of a 
dislocated femoral head (FH). Arrowhead shows the neolimbus 
(NL) contributing to blocking the reduction of the femoral 
head. LT, ligamentum teres. 


= A steep, maloriented growth plate, intra-articular obstruc- 
tions, and stunting of periosteal new bone formation all in 
time contribute to further deformity. 
=" Mechanical blocks to reduction include the anteromedial 
capsule, ligamentum teres, psoas tendon, neolimbus, transverse 
acetabular ligament (which is an inferior medial extension of 
the acetabular labrum), and intra-articular pulvinar tissue. 
= An inverted labrum is rarely a block to reduction. 
= The average unit load of human and animal joint cartilage 
is 25 kg/cm’. 
" Hips with acetabular dysplasia, and particularly with sub- 
luxation, have about 25% less contact area and more unit 
load (stress) per area of contact. 
" There is an inverse relationship between greater contact 
pressures and the onset of osteoarthritis. 


NATURAL HISTORY 


=" Newborn period 
= About 1 in 60 infants have instability at birth, with 60% of 
cases resolving in the first week of life and 88% by the first 2 
months. Thus, about 1.5 in 1000 have a true dislocation.” 
=" Muscle activity is considered important for recovery and 
is the basis of the Pavlik harness success. 

=" Untreated acetabular dysplasia with subluxation or 

dislocation 
" The natural history of hip dysplasia when subluxation or 
dislocation is present is predictable. The long-term outcome is 
worse than with acetabular dysplasia without subluxation."® 
= The onset of symptoms and radiographic deterioration is 
directly related to the degree of subluxation and dysplasia. 


= Clinical symptoms, typically pain, may antecede the radi- 
ographic deterioration by 10 years. 
" If the hip is completely dislocated, limb-length discrep- 
ancy and back and knee pain are common, while painful 
arthritis correlates with the presence of a false acetabulum 
and its adverse effect on the femoral head articular 
cartilage. 

=" Acetabular dysplasia with no subluxation 
= The natural history of acetabular dysplasia is much less 
predictable when subluxation or dislocation is absent.'” 
" During childhood, hips that are well centered improve 
their acetabular dysplasia, although not always to normal, 
whereas the hip that is radiologically eccentric typically does 
not improve. 
" If the center-edge angle in the mature hip is less than 20 
degrees, the hip will likely develop arthritis sometime during 
the patient’s lifetime. However, it is difficult to determine 
how early in life the deterioration will occur. 
" Although hips with acetabular dysplasia can sponta- 
neously improve, this improvement is not predictable or 
necessarily complete.® 
" A hip with a persistently upsloping lateral margin seen on 
an anteroposterior (AP) radiograph generally develops 
arthritis by late adulthood.” 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= All newborn infants should receive a gentle and focused ex- 
amination of the hips, including range of motion and Ortolani 
maneuver. 
" The physical examination of the newborn, rather than 
imaging studies, should determine the diagnosis of DDH 
and the need for treatment. 
= An Ortolani-positive hip is dislocated or subluxated and 
the examiner perceives that the hip partially reduces with 
abduction. After several months of age the hip may appear 
stable on examination but may still be dislocated. 
=" The child is examined for any abnormal skin creases 
(FIG 3), Proximal skin creases may indicate a dislocated hip 
or a short femur. The examiner should also note the level of 
the popliteal skin crease, the position of the knee, and any 
lateral displacement of the hip. 
= A simple, high-pitched and commonly felt “hip click” is not 
a sign of instability or dislocation. 
=" Hip instability decreases with time, whereas deformity, such 
as limited hip abduction, increases with time. 
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FIG 3 e Abnormal skin creases. 





470 Section VIII HIP 


" The young infant with a dislocated hip may have normal 
abduction until several months of age. There may be limited 
abduction in developmental coxa vara. Abduction may ap- 
pear to be normal if both hips are dislocated. 
= The upper extremities, spine, and feet are always inspected 
to evaluate for possible generalized conditions such as arthro- 
gryposis or neuromuscular conditions. 
= In the child of walking age, a delay of walking may be the 
first indicator that the hip is dislocated. 
=" Dipping of the pelvis and shoulder (Trendelenburg gait), fe- 
male profile (pelvic widening from the dislocation), and short- 
ening of the thigh (Galeazzi sign) are classic signs of a dislo- 
cated hip in the older child. 
" The Galeazzi test may also be abnormal if the child has a 
congenital short femur. 
" Additional signs of Trendelenburg gait include side-to- 
side waddling, indicating weak hip abductors, or the exam- 
iner may see lurching, indicating weak hip extensors. The 
child may stand or walk with hyperlordosis. These are prox- 
imal compensations for a hip dislocation and the resulting 
inadequate muscle strength to support the pelvis. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Ultrasound is a useful imaging method up to 6 months of 
age (FIG 4A). 


= The two most common indications for ultrasound imag- 
ing are for screening the asymptomatic infant considered to 
be at high risk for hip dislocation (girls born breech have a 
133/1000 risk of DDH) and for following an infant with 
proven DDH, especially during Pavlik harness treatment. 
= The AP radiograph is most useful in infants over 6 months 
of age. 
" In children more than 3 years of age, the Shenton line is a 
reliable indicator of subluxation (FIG 4B). 
" The Von Rosen view in abduction and internal rotation 
shows the ability of the femoral head to reduce. 
= In the adolescent or adult hip, a standing AP pelvis view is 
obtained with measurement of the center—edge angle, as well 
as standing false profile views of each hip joint (FIG 4C-E). 
" The normal center-edge angle on the AP pelvic radi- 
ograph is greater than 24 degrees. 
= Intraoperative arthrography can show whether the femoral 
head is fully reducible with no medial pooling of contrast 
(FIG 4F). 
= If the femoral head does not easily reduce and remain sta- 
ble without excessive hip abduction, an open reduction is 
used to address the extra-articular and intra-articular blocks 
to reduction. 
=" CT scanning is commonly used to evaluate the adequacy of 
a closed or open reduction after surgery and for preoperative 
planning of pelvic or femoral osteotomy. 





FIG 4 A. Coronal section ultrasound imaging through the most posterior aspect of the acetabulum. The 
femoral head is well visualized dislocated from the acetabulum. B. Seven-month-old with a dislocated left hip. 
The acetabulum is steep. The femoral ossific nucleus is not present. There is a break in the Shenton line on the 
left and it is normal on the right. C-E. Radiographs of young adult with high-grade right acetabular dysplasia. 
C. On the AP pelvic view, the center-edge angle (CEA) on the left is low normal (26 degrees); on the right it is 
10 degrees. The Shenton line is intact, indicating that there is no subluxation. D,E. Right hip false profile 
views. Right hip CEA is 0 degrees and left hip CEA is 22 degrees. F. Left hip intraoperative arthrogram shows 
concentric reduction. There is no pooling of the intra-articular contrast medially. 
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= MRI imaging, particularly with intra-articular gadolinium 
injection, shows labral pathology, the condition of articular 
cartilage, osteonecrosis, and femoral—acetabular impingement 
pathology. 


DIFFERENTIAL DIAGNOSIS 


= Septic hip dislocation: this is the most important diagnosis 
to consider in the young infant 

= Teratologic hip dislocation (arthrogryposis) 

=" Neuromuscular dislocation (most commonly cerebral palsy 
and spina bifida) 

= Traumatic hip dislocation 

=" Developmental coxa vara: easy to mistake as DDH before 
the ossific nucleus is present 

=" Congenital short femur 

=" Instability and dysplasia related to underlying condition 
(Down syndrome, Ehlers-Danlos syndrome, Charcot-Marie- 
Tooth disease); commonly bilateral 


NONOPERATIVE MANAGEMENT 


= The basic principles of treatment are to obtain a concentric, 
stable reduction while avoiding osteonecrosis, to promote 
normal growth of the hip, and to achieve normal long-term 
function. 
=" The treatment of DDH depends on the age of the child and 
thus the stage of development of the hip joint. 
= Generally, the earlier that treatment is initiated, the more 
likely that less invasive treatment will be successful and that 
a better outcome will result. 
= ‘Treatment options range from observation, to a Pavlik har- 
ness (FIG 5) or other brace treatment in the young infant, to 
closed or open reduction and hip-spica casting, pelvic or 
femoral osteotomies, and salvage procedures in older patients. 
= By the time of skeletal maturity, as normal as possible 
acetabular anatomy should be restored.” Ideally, reconstruc- 
tive surgery should be performed during early childhood, 
when the results are believed to be better and the risks 
acceptable. 


SURGICAL MANAGEMENT 


= If the hip remains dislocated or subluxated despite conser- 
vative treatment with a Pavlik harness or abduction orthosis, 
or if a concentric and stable reduction cannot be achieved 
with closed reduction and casting, open surgical reduction is 
appropriate. 


Preoperative Planning 


=" For the infant who has not achieved walking age, an open 
reduction without associated femoral shortening or pelvic os- 
teotomy is generally sufficient. 
=" With age and walking, the deformities in and around the hip 
become more fixed and require a more aggressive surgical 
approach. 
=" Prereduction traction is less frequently used than in the past 
for the infant and is not recommended for the older child.’ 
=" Generally, a child over age 2-3 years requires a femoral 
shortening osteotomy if the femoral head is displaced 
proximally. 
" Epidural or caudal regional anesthesia may be helpful to 
supplement the general anesthesia. 
= A type and screen is obtained, but blood transfusion is 
rarely required. 
" An indwelling bladder catheter is used during the surgery, 
since much of the surgery is intrapelvic. 


Positioning 

=" A radiolucent table is used in case an intraoperative radi- 
ograph will be obtained. 

= The child is placed in a semilateral position (FIG 6). 

= The entire limb is draped free. 


Approach 


= Several variations of the medial approach to the hip joint 
have been described. These are very useful in the infant if the 
femoral head is not excessively high and for bilateral instabil- 
ity surgery done the same day. 
=" For the older infant and child an anterior approach to the 
hip joint allows more extensile exposure. 
" The anterior approach is especially useful if there is a false 
acetabulum with a high dislocation and for fixed disloca- 
tions in which the hip capsule is adherent to the hip abduc- 
tors and pelvic wall. 
" The anterior approach allows for an associated pelvic os- 
teotomy through the same incision. 
= The decision to perform a medial approach or an anterior 
approach to the hip joint will depend on the child’s age, the 
location and severity of the pathology, and the surgeon’s 
experience. 





FIG 5 e Pavlik harness. This infant is comfortable in the harness; 
hips and knees are flexed with abduction provided by gravity, 
not from the lateral straps. 


FIG 6 « Semilateral position. The anterior hip and lateral thigh 
incisions are generally parallel when the hip is flexed about 
30 degrees. 
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ANTERIOR HIP EXPOSURE 


A modified anterior Smith-Peterson exposure with the 

incision placed in the inguinal crease just below the an- 

terior iliac superior iliac spine is cosmetically appealing. 

Sharp dissection is carried deep until no more fat can be 

identified. 

= This is the deep fascia, which can then be further ex- 
posed distally by using a sponge on the fascia. 

If femoral shortening is anticipated, a separate direct lat- 

eral approach to the proximal femur is used. 

™" Both exposures should be completed before os- 
teotomies are performed because of increased bleed- 
ing from the bone. 

The tensor-sartorius internervous interval is easier to 

identify distally where the muscles are divergent (TECH 

FIG 1A). 

The fascia of the tensor muscle is entered slightly lateral 

to the fatty interval between the two muscles. The lat- 

eral femoral cutaneous nerve is identified and protected. 

Army-Navy retractors are used to separate the tensor 

and sartorius muscles until the rectus femoris muscle is 

identified. 

= This dissection is continued proximally and the prow 
of the pelvis is exposed between the anterior superior 
and anterior inferior iliac spines. 

The external oblique muscle is gently separated off the 

iliac crest. 





The iliac crest apophysis is divided exactly in the middle 

with a single cut using a no. 15 blade down to iliac bone 

(TECH FIG 1B). 

Periosteal elevators are used to expose the inner and 

outer tables of the iliac crest (TECH FIG 1C). 

Laparotomy sponges are used to help dissect deep 

near the sciatic notch and to pack the surgical site for 

hemostasis. 

=" Perforating vessels into the iliac bone on the inner 
table are consistently present and require bone wax 
for hemostasis. 

Smooth Lane retractors are used to further dissect the 

sciatic notch both medially and laterally. 

The reflected and straight heads of the rectus femoris 

muscle are identified (TECH FIG 1D). 

It is extremely important for the dissection to continue 

medially onto the pubis by opening the interval between 

the iliacus and the rectus femoris muscles (TECH FIG 1E). 

=" By opening the medial periosteum at the level of the 
pubis, the iliopsoas tendon is identified, which lies 
deep on the iliacus muscle. 

= The tendon is followed distally so that the interval be- 
tween the iliacus muscle and the rectus femoris mus- 
cle is separated more deeply. 

The iliopsoas tendon is brought into the superficial sur- 

gical site with a right-angled clamp and divided at the 

level of the iliopectineal groove on the pubis. 





Reflected 
head 


lliacus 





TECH FIG 1 e A. Tensor-sartorius interval. Note the lateral femoral cutaneous nerve (arrow). B. The external oblique muscle 
has been detached off the iliac crest apophysis, which is being divided by a no. 15 blade. C. Subperiosteal dissection of the iliac 
inner and outer tables. D. Superior view of the left hip (patient’s head is to the right) showing the rectus femoris (RF), its 
straight head attachment to the anteroinferior iliac spine (A//S), and the reflected head attaching to the hip capsule (RH). 
E. The iliopsoas tendon is identified, dissected distally, and divided at the iliopectineal eminence. (continued) 
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The femoral nerve is close by, superficial and medial to 
the psoas tendon. 
The reflected and straight heads of the rectus femoris 
muscle are identified and divided. This allows skele- 
tonization of the femoral head by separating the iliacus, 
rectus femoris, and hip abductor muscles off the capsule 
(TECH FIG 1F-H). 
= A Cobb elevator is useful for separating these muscles 
off the hip capsule. 


OPEN REDUCTION 


A T-shaped capsulorrhaphy is made with the redundant 

proximal limb eventually removed. 

= The incision parallels the acetabular rim but is about 
a centimeter away so that the labrum is not injured 
(TECH FIG 2A). 

The femoral head is examined for deformity (TECH 

FIG 2B). 

The ligamentum teres is divided off the femoral head 

(TECH FIG 2C). 

The stump of the ligamentum teres is grabbed with a 

Kocher clamp, and it is followed into the depths of the 

acetabulum. 

= It is essential to visualize the entire acetabulum and 
the transverse acetabular ligament. 

= The ligamentum teres is removed with Mayo or carti- 
lage scissors at its deep acetabular attachment. 

= Under direct vision, a pituitary rongeur is used to 
remove the pulvinar tissue that lies within the 
acetabulum. 

= The transverse acetabular ligament is divided. 


TECH FIG 1 e (continued) The reflected head of the rectus femoris is lifted off the hip cap- 
sule (F) and divided (G). H. Deep muscles of the iliacus, rectus femoris, and gluteus medius 
are reflected off the hip capsule. The capsule must be separated from any false acetabulum 
on the lateral iliac wall. I. The capsule is exposed, particularly the inferior medial aspect. 


= [t is extremely important to carry the dissection 
around to the deep inferior medial aspect of the hip 
capsule (TECH FIG 1)I). 

With a Kocher clamp, grasp the proximal aspect of the 

reflected head of the rectus femoris tendon to further 

expose the capsule. The capsule must be detached from 

the false acetabulum if present and exposed superior 

and posterior. 





TECH FIG 2 e A. A T-shaped capsulorrhaphy is performed. The 
upper limb is generally excised. (continued) 
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At this point the femoral head should be reducible. 

" For children over 2-3 years of age, especially if the 
reduction is tight or unstable, a femoral shortening 
osteotomy is performed before the capsule is 
closed. 

= If an acetabular osteotomy is performed, it is also com- 
pleted before the capsulorrhaphy sutures are tied. 

= An adductor longus and gracilis tenotomy is generally 
not needed but can be included if these muscles feel 
excessively tight. 

A capsulorrhaphy is performed by advancing the supero- 


TECH FIG 2 « (continued) B. The hip capsule has been opened, exposing the 
deformed femoral head. C. The ligamentum teres is divided off its femoral 
head attachment. The vascular contribution of the ligamentum teres to the 
femoral head is minimal. D. After any associated femoral and acetabular os- 
teotomies are performed, the capsule is advanced medially. E. Nonabsorbable 
sutures are placed and tied after osteotomies have been completed. 


lateral capsule to the inferior medial aspect of the cap- 
sule on the pubis (TECH FIG 2D). 

Nonabsorbable no. 0 sutures are all placed and tagged 
and then sequentially tied (TECH FIG 2E). 

The iliac crest apophysis is reapproximated with heavy 
suture and the external oblique muscle is reattached. 
The rectus femoris and iliopsoas muscles are left divided. 
A surgical drain is not required. 

A one-and-a-half spica cast is applied with the hips in a 
safe “human” position with no more than 30 degrees of 
flexion and abduction. 


PROXIMAL FEMORAL SHORTENING OSTEOTOMY 


A straight lateral approach to the proximal femur is 

used. 

The tensor fascia is divided longitudinally. 

The anterior edge of the gluteus medius muscle is iden- 

tified where it attaches to the greater trochanter. 

Several millimeters of the gluteus medius muscle is de- 

tached off the trochanter. 

=" This allows palpation of the anterior aspect of the 
femoral head to estimate the amount of femoral tor- 
sion (TECH FIG 3A). 

The vastus lateralis muscle is detached off the femur by 

dividing its proximal attachment in the transverse plane 

at the trochanteric ridge, leaving enough cartilage at- 

tached to the muscle to allow secure fixation during clo- 

sure (TECH FIG 3B). 


=" The vastus lateralis muscle should be divided off the 
posterior intermuscular septum so that the muscle in- 
nervation is left completely intact. 

Stiff Steinmann pins are inserted in the proximal and dis- 

tal femur to ensure that a proper amount of femoral ro- 

tation is provided. 

A third pin is placed up the neck of the femur to judge 

femoral head-neck antetorsion, and a fourth pin is 

placed just below the lesser trochanter to guide the os- 

teotomy. 

A one-third tubular small fragment plate or a 2.7-mm 

minifrag dynamic compression plate is generally suffi- 

cient in a young child (TECH FIG 3C). A 3.5-mm dynamic 

compression plate is used for an older child. 
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= The proximal aspect of the plate is fixed loosely. = The plate is prebent slightly and is secured with some 
= A subtrochanteric osteotomy is believed to be less compression applied. 
hazardous to the hip vascularity than an_ in- = The Steinmann pins are used to judge any rotation 
tertrochanteric osteotomy. that is desired. 
= The femur is shortened by the amount that the cut =" If excessive femoral torsion was noted, some of this 
ends of the femur overlap when the femoral head is can be judiciously corrected. 
reduced (TECH FIG 3D). = The tension band effect of the vastus lateralis muscle is 
=" The shortened fragment of femur can be used for restored (TECH FIG 3B). 
holding open a pelvic osteotomy. = The incision is closed with absorbable suture. No drain is 
necessary. 


Incision (6 mm) 





lateralis \ = Gluteus 
Wy, - medius 
Greater 7 
A _ trochanter B 





TECH FIG 3 e A. About 5 mm of the most anterior edge of the gluteus medius muscle is detached from the greater trochanter 
so that the femoral neck can be palpated and visualized (shown on a left hip). B. The vastus lateralis muscle is detached from 
the trochanteric ridge (TR) and the posterior intermuscular septum (/S) to expose the proximal femur (F). C. A one-third tubu- 
lar plate has been attached to the proximal femur and a 2-cm segment of bone has been removed from the subtrochanteric 
aspect of the femur. D. The femur has been shortened, rotated into less antetorsion, and compressed. E. The tension band of 
the vastus lateralis muscle is re-established with 0 absorbable suture. 





PEARLS AND PITFALLS 


Diagnosis # A painful dislocated hip in a newborn or young infant could be a septic dislocation. 
= Bilateral hip dislocation may be difficult to determine because the hips may be symmetrically dislocated. 
= An adolescent with newly diagnosed hip dysplasia, particularly if bilateral, may have an underlying 
condition such as Charcot-Marie-Tooth disease. 





Imaging studies = Treatment should not be based on a radiology report. The surgeon should personally examine all images. 
= An AP pelvis view should be obtained so that the contralateral hip is available for comparison. 
= The Shenton line is reliable after age 3 years for indicating subluxation. 


Nonoperative treatment = Pavlik harness treatment should not be extended beyond 3 weeks if it is not working. 
= A child should be comfortable in a Pavlik harness or a brace. If not, there may be a risk of nerve palsy 
or osteonecrosis. 
= An inadequate closed reduction or a reduction that requires excessive force or extreme position for 
stability can result in osteonecrosis. 


Operative treatment = In the anterior approach, the surgeon should always obtain adequate medial exposure and visualize 

the entire acetabulum. 

= Femoral shortening is necessary for a high dislocation if excessive force is required to bring the 
femoral head into the joint. 

= The acetabular labrum should not be resected. 

= The older patient may need a simultaneous acetabular osteotomy for stability or because of excessive 
acetabular dysplasia. 

= Patients older than 8 years with a dislocated hip, particularly those with bilateral dislocation, may 
have excessive deformity to justify reconstructive surgery. 
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Postoperative 


= The hip should be casted in a safe “human” position. 


= CT or MR imaging is obtained immediately after surgery to document reduction. 
= The surgeon must not accept a postoperative subluxated hip. 


Long term 
end result. 


= Operatively treated hips should be followed until skeletal maturity. Late growth arrest may affect the 


= Before beginning treatment, the family should be cautioned about the risks of osteonecrosis and the 


possibility of further surgery. 


= Acetabular dysplasia that does not improve with time, particularly when there is subluxation, needs 
further surgical treatment and osteotomy. 


POSTOPERATIVE CARE 


= A spica cast is applied at the time of surgery. 

A Gore-Tex liner protects the skin from excoriation. 

The cast is removed at 6 weeks. 

A night brace can be used until the acetabulum has 

remodeled. 

= Physical therapy is generally not needed. 

=" Follow-up radiographs are obtained. 
" The acetabulum will remodel the most in the first year 
after surgery. 
" If the acetabular shape does not normalize within several 
years, a pelvic osteotomy is indicated. 


OUTCOMES 


= Patients treated with a Pavlik harness may have persistent 
acetabular dysplasia in adulthood and should be followed 
until skeletal maturity. 
= The younger the age at reduction, the better the final Severin 
grade at maturity. This in turn predicts the need for total hip 
arthroplasty in later adulthood.’ 
=" About 50% of hips that underwent closed reduction in 
childhood had residual acetabular dysplasia as adults.* 
=" The best results occur if there is no osteonecrosis, femoral 
growth disturbance, or residual subluxation. 
= Persistent acetabular dysplasia, if present past age 7 years, is 
associated with a poor late outcome.” A persistent upsloping 
sourcil and a centering discrepancy suggest a need for surgical 
correction in the younger child. 
= Early measurements of the acetabular index (AI) are also 
predictive for Severin grade at maturity. 
" In particular, an AI of 35 degrees or higher at 5 or more 
years after reduction has an 80% association with Severin 
gerade III or IV at maturity.’ 


COMPLICATIONS 


Osteonecrosis 

Late physeal and lateral femoral growth arrest 
Inadequate reduction with persistent subluxation 
Loss of reduction and redislocation 

Stiffness 

Lack of remodeling after reduction 

Infection 

Arthritis 
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Medial Approach for Open 


e 68 


Reduction of a Developmentally 


Dislocated Hip 


Lori A. Karol and Jeffrey E. Martus 


DEFINITION 


=" Developmental dislocation of the hip (DDH) occurs in 
1.5 babies per 1000 live births. When diagnosed in the new- 
born period, closed treatment with the Pavlik harness is suc- 
cessful in 95% of dysplastic hips and up to 80% of dislocated 
hips. 

= Closed reduction is indicated when Pavlik harness treatment 
has failed, and when presentation for treatment is delayed past 
6 months of age. 

=" Open reduction is reserved for babies in whom closed reduc- 
tion either is unobtainable or lacks stability, or for those who 
are diagnosed with a dislocated hip later than 18 to 24 months 
of age.'” 

=" The medial approach for open reduction is used most fre- 
quently in the young baby less than 12 to 18 months of age in 
whom an attempted closed reduction under anesthesia has 
been unsuccessful. 


ANATOMY 


=" Reduction of a dislocated hip is impeded by: 
" The iliopsoas tendon, which is tautly stretched across the 
inferior capsule owing to the displacement of the femoral head 
" The inferomedial hip capsule, which becomes constricted 
= The transverse acetabular ligament, which spans the infe- 
rior aspect of the horseshoe of the acetabulum 
" The pulvinar, which is fibrofatty tissue occupying the cav- 
ity of the true acetabulum 
= The acetabular labrum, which can be infolded and serve 
as a doorstop blocking a deep and medial reduction 
=" Anatomic landmarks for the medial approach are as 
follows: 
= The adductor longus tendon originating on the pubis 
= The pectineus, lying anterior to the adductor brevis (which 
is deep to the adductor longus) 
= The femoral artery, vein, and nerve, which are located as 
a bundle anterior to the pectineus muscle 
" The medial femoral circumflex artery, which lies in the in- 
terval between the pectineus and the femoral neurovascular 
bundle and is important for the circulation of the ossific nu- 
cleus of the proximal femur 


PATHOGENESIS 


=" DDH is more common in female babies and is linked with 
breech presentation, oligohydramnios, and firstborn chil- 
dren. 

=" DDH is associated with congenital knee hyperextension and 
may be more likely in babies with torticollis and metatarsus 
adductus. 

= A positive family history is present in a minority of babies 
with DDH and most likely represents familial hyperlaxity. 

" Idiopathic DDH must be differentiated from the teratologic 
hip dislocation seen in infants with such disorders as arthro- 
gryposis and Larsen syndrome. 


NATURAL HISTORY 


=" While research has shown that mild dysplasia, seen on ultra- 
sound imaging of the newborn hip, often resolves spontaneously 
without treatment, the majority of babies with dislocatable or 
dislocated hips will progress from unstable hips to fixed disloca- 
tions in the absence of treatment. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" The physical examination methods are summarized below. 
It is very important that the child is relaxed and quiet during 
the examination. 

= Limited abduction during range-of-motion testing may sig- 
nify a dislocation and merits imaging. Abduction can be sym- 
metric in bilateral dislocations. 

= The patient is examined for the Galeazzi sign. Asymmetry is 
abnormal and may indicate a hip dislocation or a congenital 
short femur. The apparent femoral lengths will be equal in 
bilateral dislocations. 

=" Extra thigh folds may be present in unilateral DDH, but 
thigh fold asymmetry is often nonspecific. 

=" The child is examined for the Ortolani sign. A positive sign 
represents the reduction of a dislocated hip. It is usually pres- 
ent in the newborn with DDH but disappears as the disloca- 
tion becomes fixed. 

= A positive Barlow sign represents the ability for a reduced 
hip to be dislocated because of instability. It disappears as a 
fixed dislocation develops. 

=" In addition to a complete examination of each hip, the 
knees, feet, and upper extremities should be examined for con- 
tractures to rule out a teratologic dislocation. 

= The spine should be inspected for signs of dysraphism, which 
may result in a hip dislocation due to muscle imbalance. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= In infants less than 3 months of age, ultrasound of the hip is 
the preferred imaging study. 
= The femoral head, acetabulum, and triradiate cartilage 
can be identified. 
" The absence of coverage of the femoral head by the bony 
acetabulum is seen in the dislocated hip, which appears lat- 
eralized relative to the pelvis. 
= The alpha angle, which represents the slope of the bony 
acetabulum, is decreased (normal is more than 60 degrees), 
and the beta angle, which represents the cartilaginous 
acetabulum, is increased (normal is less than 55 degrees) 
in babies with hip dysplasia and hip dislocation (FIG 1A,B). 
=" In infants 3 months of age and older, an anteroposterior 
(AP) pelvic radiograph is diagnostic (FIG 1C), 
" The line of Shenton, drawn along the inferomedial aspect 
of the proximal femur and the superior aspect of the obtu- 
rator foramen, is disrupted. 
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" The ossific nucleus may be smaller than the contralateral 
side, or absent altogether. 
" The medial proximal femoral metaphysis lies lateral to the 
Perkins line (drawn vertically from the lateral aspect of the 
bony acetabulum). 
= The acetabular index, which is the angle subtended by the 
Hilgenreiner line (a horizontal line drawn through the triradi- 
ate cartilages), and a line drawn along the bony acetabulum, is 
increased. 
= A pseudoacetabulum proximal and lateral to the true acetab- 
ulum may be present. 


DIFFERENTIAL DIAGNOSIS 


= Teratologic hip dislocation (ie, arthrogryposis) 
=" Neuromuscular dislocation (ie, spina bifida) 

=" Congenital short femur 

=" Coxa vara 


NONOPERATIVE MANAGEMENT 


=" The Pavlik harness is the treatment of choice for infants 
with hip dysplasia or instability from birth to age 6 months. 
=" The Pavlik harness is less successful in patients with fixed 
dislocations but may be attempted for a period not to exceed 
4 weeks, following which a reduction must be documented by 
either sonogram or radiograph. 

= There is no role for nonoperative management of a baby 6 
months of age or older with a fixed hip dislocation. 


SURGICAL MANAGEMENT 


= Surgical management can be delayed in the very young in- 
fant until the baby reaches sufficient size for a safe anesthetic 
and effective cast immobilization. We favor proceeding with 


INCISION AND INITIAL DISSECTION 


= With the hip flexed and abducted, a transverse incision is 
made just lateral to the groin crease, centered over the 


palpable adductor longus tendon (TECH FIG 1A). 


= The fascia overlying the adductor musculature is opened 


(TECH FIG 1B). 


FIG 1 ° A,B. Ultrasounds of dislocated 
right hip with alpha angle of 56 de- 
grees (A) and normal left hip with 
alpha angle 66 degrees (B). C. AP pelvis 
radiograph demonstrating dislocated 
right hip with small ossific nucleus. 


surgical reduction (closed or open) at the age of 6 months in 
the healthy baby. 

= The importance of delaying surgery until the presence of 
ossification within the femoral head remains controversial. 
While some studies report an increased incidence of avascular 
necrosis when the ossific nucleus is absent, others report an in- 
creased number of surgical procedures in children in whom re- 
duction is delayed. We favor proceeding with reduction rather 
than waiting for ossification.* 


Preoperative Planning 


= Traction may be used to increase the likelihood of a success- 
ful closed reduction, although current trends in the United 
States show a declining use of preoperative traction. 


Positioning 

= The child is positioned supine on a radiolucent operating table. 
= The perineum is isolated with adhesive tape. 

=" Surgical drapes are sutured in place to allow free movement 
of the extremity. 


=" Towel clips should be avoided around the groin as they in- 
terfere with fluoroscopic visualization of the hip. 


Approach 


=" The medial approach to the dislocated hip is best suited to 
infants less than 12 months of age, but it has been used by 
other authors successfully in infants up to 24 months of age. 
= The medial approach described by Ludloff? accesses the hip 
in the interval between the pectineus and the adductor brevis. 
=" We favor the approach described by Weinstein,*’? which 
exposes the hip between the femoral neurovascular bundle an- 
teriorly and the pectineus muscle posteriorly. This interval al- 
lows for more direct visualization of the hip capsule and the 
medial femoral circumflex artery. 





= The adductor brevis is identified with its overlying ante- 
rior branch of the obturator nerve. The pectineus is lo- 
cated anterior to the adductor brevis (TECH FIG 1D). 
Blunt retractors are used to identify the superior border 
of the pectineus. 


= The adductor longus tendon is isolated and divided (TECH 
FIG 1C). The tendon can be dissected free from the under- 
lying adductor brevis with two blunt retractors. 





TECH FIG 1 « A. Planned transverse incision over the palpable adductor longus 
tendon (AL). The femoral arterial pulse is also noted (FA). B. The adductor 
longus (AL) after longitudinal incision of the overlying fascia. C. The adductor 
longus (AL) is isolated with a right-angle clamp and divided. D. The adductor 
longus has been sectioned and retracted distally. Anterior branch of the obtu- 
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rator nerve (arrow), adductor brevis (AB), pectineus (P). 
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DEEP DISSECTION 


The femoral vessels are retracted gently anteriorly, and the 
pectineus muscle is retracted posteriorly (TECH FIG 2A). 
The iliopsoas tendon can be identified. The surgeon can 
rotate the hip and feel the insertion site on the small 
prominence of the lesser trochanter. The psoas tendon is 
isolated and divided (TECH FIG 2B). 

The surgeon carefully identifies the medial femoral cir- 
cumflex artery as it traverses superior to inferior on the 





capsule of the hip. If possible, a small vessel loop is passed 
around the vessel to protect it. Otherwise, visualization of 
the vessel is maintained throughout the procedure. 

The femoral head is palpated beneath the medial 
femoral circumflex artery. Kidners are used to bluntly ex- 
pose the hip capsule (TECH FIG 2C). 





TECH FIG 2 « A. The iliopsoas tendon (IP) is identified distally after retracting the pectineus posteriorly. Femoral vessels (WV), me- 
dial femoral circumflex vessels (WFC). B. The iliopsoas tendon (IP) is isolated with a right angle and divided. C. The hip joint capsule 
(C) has been exposed bluntly. Femoral neurovascular bundle (NV), medial femoral circumflex vessels (WFC). 





CAPSULOTOMY AND ACETABULAR EXPOSURE 


The capsule is incised along the rim of the acetabulum 
using a scalpel. 

The white glistening cartilaginous femoral head is visual- 
ized (TECH FIG 3A). The hip is rotated to identify the 
ligamentum teres insertion on the superior aspect of 


the femoral head (TECH FIG 3B), and it is released (TECH 
FIG 3C). 

The stump of the ligamentum is traced into the true ac- 
etabulum (TECH FIG 3D). 
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The incision in the capsule is completed to gain access to 
the acetabulum. 

The ligamentum teres is excised from the floor of the ac- 
etabulum using scissors. 

With a pituitary rongeur, the fibrofatty pulvinar is re- 
moved from the acetabulum. The surgeon should take 
care to preserve the underlying articular cartilage of the 
acetabulum (TECH FIG 3E). 


The release of the acetabulum is completed by releasing 
(with scissors) the transverse acetabular ligament at the 
base of the acetabulum. 

The surgeon should not excise or incise the acetabular 
labrum: it is an important growth center of the acetabu- 
lum and should be preserved. 





TECH FIG 3 « A. The hip capsule has been incised along the rim of the acetabulum distal to the labrum. Femoral head (H), hip 
capsule (C), medial femoral circumflex vessels (WFC). B. The ligamentum teres (LT) is isolated with a right-angle clamp. C. The 
ligamentum teres (LT) is released sharply from the femoral head. D. After release from the femoral head (H), the ligamentum 
teres (LT) is grasped with a Kocher and traced into the acetabulum. E. The ligamentum teres and the fibrofatty pulvinar have 


been excised. Femoral head (H), acetabulum (A), hip capsule (C). 





HIP REDUCTION, CAPSULORRHAPHY, AND CLOSURE 


The hip is reduced under visualization by abducting the 
hip and lifting the greater trochanter anteriorly (the 
Ortolani maneuver). The hip should reduce readily and 
be quite stable in flexion. It will dislocate posteriorly 
with adduction. The reduced hip will appear relatively 
superficial, and the femoral head will be visible in the 
wound. 

The reduction should be verified fluoroscopically at this 
point. If it is difficult to assess the reduction because of 
absence of ossification of the femoral head, a small drop 
of contrast can be placed in the acetabulum. 

If the hip cannot be reduced, or if the reduction requires 
undue force to pull the hip into the acetabulum, the sur- 
geon should recheck the capsular release and the trans- 
verse acetabular ligament. 


In rare instances, the hip cannot be gently reduced and 
femoral shortening through a separate lateral approach 
is required. In infants less than 1 year of age who are 
otherwise normal, this is generally not necessary. 

From this point onward, the hip must remain flexed to 90 
degrees and gently abducted to maintain reduction. An 
assistant should be assigned to observe the position of 
the hip. 

The vessel loop is removed from the medial femoral cir- 
cumflex artery, which has been protected throughout 
the operation. 

The subcutaneous layer and skin are closed. A drain is 
not necessary. 

The wound is dressed and an occlusive bandage applied 
to deter contamination from diaper contents. 
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CASTING 


= The child is transferred to an infant spica table, and a ™ The surgeon should take care to cover the posterior as- 


double spica cast is applied with the hips flexed 90 de- pects of the buttocks and mold beneath the greater 
grees and gently abducted no greater than 60 degrees trochanters to prevent “falling through” the spica poste- 
(TECH FIG 4A). riorly (TECH FIG 4B). 





TECH FIG 4 e A. A double-leg spica cast is applied with careful attention to limb position and the maintenance 
of hip reduction. B. The limbs are positioned in 90 degrees of flexion and less than 60 degrees of abduction 
in the spica cast. 





PEARLS AND PITFALLS 


Indications = Unstable closed reduction or fixed dislocation in an infant less than 1 year of age. The procedure is still 
possible to age 2 years. 





Surgical technique = Drapes are sewn to avoid inability to see the hip on C-arm fluoroscopy. 
= The ligamentum teres is used to find the acetabulum. 
= The medial femoral circumflex artery is always protected. 
= A lighted suction can be invaluable in improving visualization in the small incision. 
= If the reduction cannot be assessed easily, a small drop of contrast can be added in the acetabulum, and 
then the hip is reduced. 
= The surgeon should never force a reduction; avascular necrosis may result. 


Postoperative care = The reduction is assessed with either radiographs or CT once the child is awake. 


= A limited CT scan of the hip allows accurate assessment. 
= If the hip is dislocated, the cast is removed at once. 


POSTOPERATIVE CARE " The cast is changed under anesthesia in 6 weeks and the hip 


is examined fluoroscopically. At this time, a one-and-a-half 
spica can be applied. 

=" On occasion, a third spica will be needed, to be worn be- 
tween 12 and 18 weeks after medial open reduction. 

= Bracing with an abduction orthosis after cast removal is pre- 
scribed at the discretion of the surgeon. 


= A radiograph is taken before waking the child from anesthe- 
sia to document the reduced hip within the spica cast (FIG 2A). 
= A limited CT scan may be performed within 24 hours after 
surgery to visualize the reduced hip after the child moves 
about in the cast (FIG 2B). 


FIG 2 © A. Intraoperative AP pelvis radi- 
ograph in the cast to confirm reduction. 
B. Limited CT scan to confirm mainte- 
nance of reduction after the child moves 
about in the cast. 
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= Periodic radiographs are needed to monitor the growth of 
the ossific nucleus and the resolution of acetabular dysplasia. 


OUTCOMES 


= A satisfactory outcome after medial open reduction of the 
infant’s hip can be expected in about 75% of children.*» 
Reduction can be universally achieved, and redislocation 
after a medial open reduction is rare. Owing to the limited 
dissection, prolonged postoperative stiffness is a rare event. 
=" When an adverse outcome occurs after medial open reduc- 
tion, it usually is related to the diagnosis of postoperative avas- 
cular necrosis or residual acetabular dysplasia. 


Avascular Necrosis 


= Avascular necrosis has been documented in 9% to 43% of 
hips after medial open reduction."**»>’ The large discrepancy 
in rates between series is due to differing criteria for its diag- 
nosis and variation in the length of follow-up. 
=" The severity of avascular necrosis varies widely between 
hips that have temporary irregular ossification of the epiphysis 
(Bucholz-Ogden type I) to complete avascular necrosis with an 
aspherical femoral head and coxa breva (type IV). 
= The presence of type I avascular necrosis does not preclude 
a successful outcome at skeletal maturity, while whole-head 
avascular necrosis dooms the hip to a poor outcome and leg- 
length discrepancy despite multiple surgical procedures. 
=" Many series do not include the hips with irregular ossifica- 
tion, so it is imperative when comparing complication rates to 
ascertain which hips were included in the group with postop- 
erative avascular necrosis. Although the published series of 
medial open reductions vary in the likelihood of avascular 
necrosis, it is clear that the proximity of the medial femoral 
circumflex artery to the medial hip capsule places the hip at 
greater risk for avascular necrosis during this approach com- 
pared to the anterior open reduction. 
= Because of variation between series in length of follow-up, the 
rate of type II avascular necrosis ranges widely. Typically, type 
II avascular necrosis becomes apparent in late childhood and 
early adolescence, when the proximal femur seems to grow into 
valgus because of a lateral physeal growth disturbance.‘ 
" In series with short-term follow-up, the rate of type II 
avascular necrosis may be lower than in those where skele- 
tal maturity is achieved. Review of the DDH literature 
shows that type II avascular necrosis is not specific to the 
medial approach to the hip, however, as it may also be seen 
after anterior open reduction, and even closed reduction. 


Acetabular Dysplasia 


= Persistent acetabular dysplasia may be seen after medial 
open reduction of the hip. This approach does not facilitate 
concomitant pelvic osteotomy, unlike the anterior open reduc- 
tion, in which the iliac crest is exposed. Yet the optimal age for 
the medial open reduction (age 1 year or less) is young enough 
that the surgeon can expect the majority of patients to experi- 
ence resolution of their dysplasia with growth. 

= Mankey et al* found that one third of babies treated with 
medial approach open reduction required subsequent pelvic 
osteotomy for residual acetabular dysplasia. 


COMPLICATIONS 


= Redislocation 

= Avascular necrosis 

= Infection 

=" Need for future pelvic osteotomy due to persistent acetabu- 
lar dysplasia 
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Anterior Drainage of the 
Septic Hip in Children 
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DEFINITION 


= Septic arthritis of the hip affects children of all ages, from 
the newborn to adolescents. The principles of treatment in- 
clude early and accurate diagnosis, prompt surgical drainage, 
appropriate antibiotic coverage, and judicial management of 
late sequelae. The worse outcomes occur when there has been 
a marked delay in the diagnosis. 


ANATOMY 


=" Synovial membrane with its rich blood supply lines the joint 
capsule. 

=" Blood supply to the hip is from the medial and lateral 
femoral circumflex vessels (FIG 1). 

= Intra-articular retinacular vessels travel up the femoral neck 
and enter the femoral head. These vessels do not cross within 
the proximal femoral physis. 

= Because the proximal femur is an intra-articular metaphysis, 
primary femoral osteomyelitis in this location can decompress 
into the hip joint. 

=" Many muscles that are in close proximity to the hip joint, 
including iliopsoas, piriformis, and obturator internus and 
externus, may develop pyomyositis or an abscess; this can 
mimic septic hip arthritis. 


Femoral nerve 


Lateral circumflex 


Medial femoral 
circumflex 


A Right hip 








PATHOGENESIS 


= Bacteria can enter the hip joint cavity directly via the 
hematogenous route to the subsynovial layer of the capsule or 
indirectly from the proximal femoral metaphysis and occa- 
sionally from adjacent acetabular infection. 

=" Polymorphonuclear cells enter the joint cavity with plasma 
proteins and inflammatory fluid. 

=" The resulting tense effusion can increase intracapsular 
pressure. 

= Articular cartilage destruction occurs from proteolytic en- 
zyme degradation from cells of the synovial membrane and 
from interleukin-1 from monocytes, which releases proteases 
by chondrocytes and synoviocytes. 

=" Animal studies show that proteoglycan matrix can be lost 
by 5 days and collagen by 9 days after an infection starts.” 
Antibiotics do not completely prevent this degradation if treat- 
ment is delayed. 


NATURAL HISTORY 


= Although most patients have excellent outcomes, the hip 
joint accounts for about 75% of published reports of poor 
outcome from septic arthritis. 


_ G luteus 
medius 


Medial femoral 
circumflex 


FIG 1° A. Anterior hip vascularity. The medial and somewhat the lateral femoral circumflex vessels from the deep 
femoral artery supply the vascularity to the femoral head. B. Posterior hip vascularity. Intracapsular retinacular vessels 
from the medial circumflex vessel pierce through the capsule and travel up the posterior femoral neck. 
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=" Poor results occur more frequently in infants less than 
6 months of age, if there is a delay in treatment of greater than 
4 days, and with associated proximal femur osteomyelitis and 
infection with Staphylococcus aureus.* 

= The most severe sequelae are more often seen in newborns 
and infants, 

= A frequent scenario when there is a poor outcome is the fail- 
ure to make the diagnosis of septic hip arthritis, either from 
not recognizing the serious nature of the condition or failure 
to promptly perform adequate surgical drainage and adminis- 
ter appropriate intravenous antibiotics. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= The history should include a detailed timeline of events lead- 
ing up to presentation. 
=" In the most recent prospective studies evaluating clinical 
predictors for septic hip arthritis, a fever above 38.5°C was the 
strongest predictor.’ 
= The severity of pain, particularly pain at rest and night pain, 
indicates inflammation. 
= Associated illnesses and infections, history of trauma to the 
hip, recent dental procedures, and underlying medical condi- 
tions or steroid use may lead to infection in a susceptible host. 
=" The clinician should always ask about recent antibiotic 
treatment, since this may mask many of the findings of septic 
hip arthritis and change the threshold for obtaining imaging 
studies and for performing hip aspiration. 
=" The clinician should conduct a visual inspection with the 
child lying supine on the table, noting whether the hip is in ab- 
duction, flexion, and external rotation (FIG 2). 
" The hip joint assumes a position of least intracapsular 
pressure. 
" The clinician should inspect for skin rash, erythema, 
warmth, swelling, and tenderness over overlying muscles 
and the hip joint. 
" The clinician should palpate the pelvis and lower extrem- 
ities for local swelling and tenderness. 
= The clinician should examine the child walking. Antalgic limp 
indicates that the patient is unable to spend much time weight- 
bearing on the hip joint. The child may have mild pain early or 
the pain may be so severe that the patient is unable to walk. 
=" The clinician should observe the hip range of motion. 
Gradually, there is limited ability to move the hip joint as in- 
flammation and pressure of the hip joint increase. Pain with 





FIG 2 « Right hip is held in flexion, abduction, and external 
rotation. 


hip extension and internal rotation suggests involvement of the 
psoas muscle. 

=" The clinician should inspect and palpate the spine. Septic 
discitis in a young child can present as refusal to walk and can 
resemble septic hip arthritis. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Imaging and laboratory studies selected are determined by 
the clinical evaluation, probability of the findings being septic 
hip arthritis, and need to exclude other conditions. 
= Plain radiographs (FIG 3A) 
" Key features include hip abduction, increased soft tissue 
density, widened medial joint space, osteopenia if the infection 
is longstanding, and femoral or acetabular osteolytic lesions. 
" A particularly worrisome finding in the neonate is a 
painful dislocated hip (FIG 3B). Bone lesions and destruc- 
tion are typically delayed 1 to 2 weeks. 
= Ultrasound imaging (FIG 3C) is performed bilaterally, with 
images obtained along the axis of the anterior femoral neck. 
This is very specific for detecting intra-articular fluid in the hip. 
= Because the pelvis is deep and difficult to examine, MRI is 
an extremely useful imaging modality to examine the tissues 
surrounding the hip joint or within the pelvis (FIG 3D-F). 





FIG 3 © Diagnostic imaging. A,B. AP radiographs. A. The right 
hip is held in abduction with increased soft tissue density and 
slight lateral displacement of the femoral head. B. Left hip of 
an infant showing acute displacement from septic hip arthritis. 
The left proximal femur is laterally displaced compared with the 
right. (continued) 
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FIG 3 © (continued) C. Ultrasound imaging of hip along axis of the femoral neck. The distance between the 
femoral neck and head is shown by the red line. There is increased intracapsular fluid. D-F. MRIs in an 11-year- 
old boy with fever and pain with internal rotation of the hip. He was limping but able to walk. Erythrocyte sedi- 
mentation rate was 50 mm/hr and C-reactive protein level was 5.8 mg/L. The radiograph was normal. D. T1- 
weighted coronal image of pelvis. There is an abscess (*) within the obturator internus muscle. E. T2-weighted 
coronal image of pelvis. The abscess (*) is more apparent, as is the involvement of the acetabulum (solid dot) 
and small hip joint effusion (dashed outline). F. T1-weighted coronal image with gadolinium for enhancement. 
Cavitary nature of the abscess (*) is even more apparent. Patient underwent percutaneous interventional radiol- 
ogy catheter drainage on two occasions and received intravenous antibiotics for treatment of this methicillin- 
sensitive Staphylococcus aureus infection. G,H. Hip aspiration. G. Aspiration of right hip through adductor ap- 
proach. The large-bore needle is inserted just posterior to the adductor longus and is directed toward the 
femoral head. H. Fluoroscopy image of needle tip at the junction of the femoral head and proximal femoral 
metaphysis. (A: From Sucato DJ, Schwend RM, Gillespie R. Septic arthritis of the hip in children. J Am Acad 
Orthop Surg 1997;5:249-260. D-F: Courtesy of Mark Sinclair, MD, Children’s Mercy Hospital, Kansas City, MO.) 
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" It is the preferred imaging technique if the hip joint moves 
better than would be expected for septic hip arthritis but the 
patient has symptoms within or near the pelvis suggesting 
myositis or an abscess.°!° 
" MRI is useful if by 48 hours there is an inadequate re- 
sponse to treatment of septic hip arthritis, suggesting persis- 
tent hip joint infection, pelvic osteomyelitis, or infection in 
the muscles near the hip joint. 
= A bone scan is not generally recommended. If the patient 
has a septic hip arthritis, he or she should be in the operating 
room, not the nuclear medicine department. 
=" White blood cell count (WBC) is always done but may not 
always be elevated in septic hip arthritis. 
=" Blood culture is positive in 40% to 50% of cases. 
= Erythrocyte sedimentation rate (ESR) is slow to respond to 
inflammation. 
= In septic hip arthritis, C-reactive protein (CRP) increases and 
returns to normal earlier with treatment than does the ESR. 
" CRP is a very useful indicator of disease progression and 
response to therapy. 
=" A CRP level above 20 mg/L is an important independent 
risk factor for the presence of septic hip arthritis.’ 
=" Hip aspiration, either under ultrasound guidance in the 
younger child or with fluoroscopic guidance, is useful if the di- 
agnosis is not clear and there is a reasonable possibility of a 
septic hip arthritis (FIG 3G,H).*:” 
" If it is performed under fluoroscopy, the clinicians must 
always confirm a negative aspiration (dry tap) with an 
arthrogram to document that the needle was intra-articular. 
= Any fluid obtained is sent to the laboratory for cell count, 
Gram stain, and cultures. WBC above 50,000 cells/mm? is 
highly suggestive of septic arthritis; a level below 25,000 is 
suggestive of reactive arthritis. Gram stain and cultures may 
be positive in more than 50% of cases. 
= Several recent studies have related clinical and laboratory 
findings to the child’s chance of having septic hip arthritis. 
= An oral temperature above 38.5°C has been found to be 
the best predictor of septic arthritis; an elevated CRP, ele- 
vated ESR, non-weight-bearing status, and elevated serum 
WBC are considered to be other predictive factors.' 
= Another prospective study of clinical predictors of septic 
arthritis has shown that with a combination of fever, non- 
weight-bearing status, ESR above 40 mm/hr, and serum 
WBC of more than 12,000 cells/mm’, the probability of hip 
sepsis was 0.86.’ 
" However, this algorithm has shown lower predictive 
value when tested at other centers.* 


DIFFERENTIAL DIAGNOSIS 


Transient synovitis 

Trauma 

Pelvic or proximal femur osteomyelitis 

Pyomyositis of the adductors, hamstrings, obturator mus- 
cles, or piriformis muscles 

= Langerhans cell histiocytosis 

=" Leukemia, Ewing sarcoma, metastatic neuroblastoma 

=" Other forms of arthritis, including Lyme disease, tuberculo- 
sis, fungal or chronic childhood arthritis 

= Tliopsoas or iliacus abscess 

Appendicitis or ovarian cyst 

Child abuse 


Osteonecrosis of the femoral head and sickle cell disease 


NONOPERATIVE MANAGEMENT 


= Surgical treatment is indicated when septic hip arthritis has 
been confirmed. 

=" Nonoperative management is an adjuvant to surgery and in- 
cludes making an early and specific bacterial diagnosis, admin- 
istering the correct intravenous antibiotic and dose, and ad- 
justing the antibiotic coverage based on culture and sensitivity 
results. 

= Intravenous antibiotics are converted to oral when the child 
is clearly recovering (feels well, afebrile, able to walk, minimal 
pain with hip range of motion, and improving laboratory stud- 
ies). The duration of antibiotic treatment is generally shorter 
than for osteomyelitis and depends on the severity of infection 
and the virulence of the organism. 

= A peripherally inserted central catheter is used if intravenous 
antibiotics will be given for several weeks. An infectious dis- 
ease consultation is helpful for cases with an unusual organ- 
ism, unusual host, or unusual site of infection. 


SURGICAL MANAGEMENT 


=" Confirmed septic hip arthritis is a surgical emergency and 
the hip should be drained without excessive delay. 

= If the joint aspiration is performed in the operating room, 
the arthrotomy can be performed in the same setting. 

= The principles of surgical intervention include open arthro- 
tomy, irrigation of purulence, and débridement of dead tissue. 


Preoperative Planning 


= Radiolucent table 

= An aspiration of the hip is performed before an arthrotomy 
if the diagnosis is not clear. In children, the hip joint is aspi- 
rated with a spinal needle inserted just posterior to the ad- 


ductor longus tendon and directed toward the femoral head 
(FIG 3G,H). 


Positioning 


= Lateral or semilateral position with hip and lower extremity 
draped free (FIG 4). 


Approach 


= There are several approaches to draining the pediatric hip, 
including medial, direct anterior, anterior through a modified 
Smith-Peterson approach, anterolateral, and posterior. 
= The posterior approach is not recommended because of 
the femoral head vascularity and potential for posterior hip 
instability. 





FIG 4 « Patient is in a semilateral position with the entire hip 
and lower extremity draped free. 
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MODIFIED SMITH-PETERSON ANTERIOR APPROACH 


The entire hip and lower extremity is draped free so that 

the hip joint can be moved through a full range of mo- 

tion. 

The incision is a modification of the classic Smith- 

Peterson approach with a cosmetic and limited incision 

in the groin, centered just below the anterior superior 

iliac spine (ASIS) (TECH FIG 1A). 

Sharp knife dissection is used to the deep fascia. The in- 

cision is continued until no more fat is apparent and the 

deep fascia is exposed. 

A sponge is used to separate the distal flap from the 

deep fascia. 

There is a small interval of fat between the tensor and 

sartorius muscles several centimeters distal to the ASIS 

(TECH FIG 1B). The surgeon should incise slightly lateral 

to the fat on the fascia of the tensor. 

Army-Navy retractors are used to separate this interner- 

vous interval until the rectus femoris muscle is visualized. 

" A Kidner Sponge is used on the lateral edge of the 
rectus femoris muscle, and the surgeon dissects along 
this edge proximally until the reflected head of the 
rectus femoris muscle is exposed (TECH FIG 1C). 





A B 


Tensor fasciae muscle 


= Just lateral to the reflected head is the hip capsule, 
which is covered with fat. 

The fat is reflected to expose the hip capsule. The re- 

flected head of the rectus femoris muscle may be divided 

for better exposure of the hip capsule. 

= It is best to visualize a large area of the hip capsule 
for better orientation before making an incision 
into it. 

The capsule is incised with a no. 15 blade. 

= A3-mm 45-degree Kerrison rongeur is useful to remove 
several millimeters of the anterior capsule for contin- 
ued postoperative decompression (TECH FIG 1D). 

The joint is irrigated with saline through a large-bore in- 

travenous catheter placed deep within the joint. 

A suction drain is placed for several days after surgery 

until there is only minimal drainage. 

The skin is closed loosely with interrupted nylon sutures 

to allow potential drainage. 

™ Closing the deep fascia increases the risk of reaccu- 
mulation. 


Lateral femoral 
cutaneous nerve 
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TECH FIG 1 e Modified Smith-Peterson anterior approach to the right hip. A. The incision is placed 
in the anterior groin crease for best cosmesis. B. The tensor-sartorius muscle interval is identified dis- 


tally where the muscles begin to separate. (continued) 
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TECH FIG 1 ® (continued) C. The reflected head of the rectus femoris muscle can be released to reveal the underlying hip 
capsule. D. A 45-degree Kerrison rongeur is used to enlarge the anterior hip capsulorrhaphy. 


DIRECT ANTERIOR APPROACH 


= The direct anterior approach is especially useful when = A 3-mm 45-degree Kerrison rongeur is used to en- 
there is infection in the iliopsoas bursa, which needs to large the capsulotomy. 
be opened along with the hip joint. = The joint is irrigated and a suction drain placed. If this 
=" This is also a direct approach for dividing the psoas approach is used for infection, the surgeon should not 
tendon over the pelvic brim for a tight tendon, as close the deep fascia. 


seen in cerebral palsy, or a snapping hip related to 
the iliopsoas tendon. 
= It uses a similar incision as the anterior approach, 
placed just below the ASIS but centered more medi- 
ally, between the femoral neurovascular bundle and 
the ASIS. 
= Sharp dissection continues to the deep fascia until no 
further superficial fat is identified. 
A sponge separates both flaps off the deep fascia. 
The medial border of the sartorius muscle is identified. 
Just medial and slightly deeper is the fascia of the iliacus 
muscle, which is opened (TECH FIG 2A). 
= The femoral nerve is identified, reflected medially, and 
protected (TECH FIG 2B). This provides assurance that 
the femoral artery and vein, which lie medial to the 
femoral nerve, are out of the field. 
= The dissection is continued along the medial border of 
the iliacus muscle until the iliopectineus eminence of the 
pubic bone is identified. 
= Deep to the iliacus muscle is the large bursa of the ilio- 
psoas (TECH FIG 2C). This is opened and the psoas ten- 
don is isolated proximally and distally. 
= Deep and lateral to the psoas tendon is the hip capsule. = TECH FIG 2 « Direct anterior approach to the right hip. A. The 


=" Asmall elevator is used to visualize the surface of the — sartorius muscle and the iliacus muscle are covered by deep 
capsule before entering it with a no. 15 blade. fascia. (continued) 
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lliacus muscle lliopsoas bursa 





TECH FIG 2 ® (continued) B. After opening the fascia of the iliacus muscle, the femoral nerve is identified and 
protected. C. The femoral nerve is reflected medially and the deep medial border of the iliacus muscle is ex- 
posed until the iliopsoas bursa is located. The iliopsoas bursa is opened to reveal the iliopsoas tendon. 


ANTERIOR LATERAL APPROACH 


A 


A straight longitudinal incision centered over the greater 
trochanter is used. 

The tensor fascia is divided longitudinally in line with the 
skin incision. 

The interval between the most anterior border of the 
gluteus medius muscle as it attaches to the greater 
trochanter and the proximal aspect of the vastus lateralis 
muscle is identified (TECH FIG 3A). 

Several millimeters of the gluteus medius attachment to 
the greater trochanter is released. This allows the exam- 


Interval between gluteus medius 


Gluteus medius . and vastus lateralis 


Vastus lateralis 





iner to palpate the anterior aspect of the femoral neck, 
up to the level of the femoral head. 

= The gluteus medius muscle is retracted proximally and an 
Incision is made in the anterior capsule (TECH FIG 3B). It 
can be enlarged with the Kerrison rongeur. 

= After irrigation and débridement, a drain is left in the 
hip joint for several days. 

= The skin is closed with several interrupted nylon sutures, 
but the deep fascia should not be closed. 


Anterior capsule 
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Gluteus maximus 
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TECH FIG 3 e A. The most anterior fibers of the gluteus medius muscle are divided (dashed line) as they insert on the vastus 
lateralis and greater trochanter. B. The gluteus medius muscle is retracted and the anterior capsule is palpated and visualized. 
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PEARLS AND PITFALLS 





Newborns and infants 


= The child may be systemically ill, with few findings related to the hip. 


= In about 70% of cases there are other sites of infection. 

# A painful hip dislocation may be the result of hip joint sepsis. 

= Numerous different organisms can be the source of the infection. 

= Ultrasound imaging should be obtained and aspiration of both hips should be done if septic hip 


arthritis is a concern. 


= Infants are more likely than older patients to have associated osteomyelitis of the proximal femur. 


Be aware of a negative 
hip aspiration 


= The needle may not be in the hip joint. 
= A large-bore needle should be used for joint aspiration. 


= A contrast hip arthrogram is done to document intra-articular needle position if there is a question. 
= A negative hip aspiration may indicate that the infection is in the acetabulum, proximal femur, or 
pelvis and has not yet decompressed into the hip joint. 


Bone scan 


= This test is not necessary to diagnose septic hip arthritis. 


=» A “cold” bone scan with an area of hypoperfusion indicates poor vascularity and a risk for osteo- 
necrosis; the hip joint should have been drained earlier. 


Patient is not responding 
to treatment 


= The clinician should consider the possibility of coexisting osteomyelitis, seen in 15% of cases. 
= Bacteria may be resistant to the selected antibiotic or an inadequate dose is being given. 


= Drainage may be inadequate, with reaccumulation of purulence. 
= There may be adjacent extension of the infection or abscess. 
= There may be unusual host factors such as immune deficiency. 


POSTOPERATIVE CARE 


= A surgical drain is used for several days. It is removed when 
it is no longer functioning. 

= The family needs to understand that repeat drainage is a 
possibility should symptoms recur or if improvement is inade- 
quate. 

= A spica cast is frequently used if the radiograph shows lax- 
ity and lateral displacement, especially in the infant. 

= Another radiograph is obtained when the antibiotics are dis- 
continued to be sure there is no evidence of osteomyelitis. 

= Another radiograph is obtained at 4 to 6 months to docu- 
ment adequate physeal growth. 





FIG 5 e This 3-year-old child had septic hip arthritis missed as an 
infant with a week-long delay in treatment, resulting in os- 
teonecrosis of the right femoral head. 


= In a growing child with a septic joint, the parents should be 
informed that growth of the bones in that area can be affected. 


OUTCOMES 


= In reports of poor results from septic arthritis, 75% involve 
the hip joint. 

= Severe sequelae with a destroyed femoral head are most 
commonly seen in newborns and infants and are often related 
to a delay in diagnosis and treatment (FIG 5), 

= Infants in particular should be followed for several years to 
document adequate development of the hip joint. 

= Simple late reconstruction should focus on maintaining 
pain-free hip range of motion, realignment procedures if there 
is a reasonably formed femoral head, and simple procedures to 
achieve comparable limb lengths.* 

=" Complex late reconstruction should rarely be used unless 
the functional goal can clearly be stated and the procedure has 
a reasonable chance of meeting that goal. 


COMPLICATIONS 


= Avascular necrosis of the hips can lead to complete destruc- 
tion of the femoral head (FIG 6). 

= Septic hip dislocation 

Complete separation of the proximal femoral epiphysis 
Proximal femur growth arrest and limb-length discrepancy’ 
Closure of the triradiate cartilage 


| 
| 
| 
= Late arthritis 
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FIG 6 e Radiographic classification of the sequelae of septic hip as developed by Hunka et al. (From Hunka L, Said SE, 
MacKenzie DA, et al. Classification and surgical management of the severe sequelae of septic hips in children. Clin Orthop 
Relat Res 1982;171:30-36.) 
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Innominate Osteotomy 
of Salter 


Richard E. Bowen and Norman Y. Otsuka 


DEFINITION 


= The Salter innominate osteotomy is commonly performed in 
conjunction with an open reduction for the dislocated hip in 
developmental dysplasia of the hip (DDH). 

=" The osteotomy can also be performed to treat acetabular 
dysplasia in the child with a concentrically reduced hip.’ 


ANATOMY 


=" The Salter innominate osteotomy rotates around an axis 
running from the posterior cortex of the sciatic notch to the 
midpoint of the symphysis pubis. 

= The osteotomy rotates the acetabulum to improve anterior 
and lateral femoral head coverage. 

= The distal fragment of the osteotomy undergoes slight distal, 
posterior, and medial displacement in addition to rotation.° 

= An up-to-30-degree bone wedge inserted in the osteotomy 
site increases anterior and lateral femoral head coverage in a 
proportion of about 2:1 (the practical limit of correction).° 


PATHOGENESIS 


= Acetabular dysplasia is caused by the following: 
" Lack of a reduced, spherical head within the growing 
acetabulum 
" Abnormal interstitial or appositional growth within the 
acetabular and triradiate cartilage 
" Abnormal development of the secondary centers of ossifi- 
cation of the ilium, pubis, and ischium 
=" In the developmentally dislocated hip, the acetabular 
labrum is flattened and hypertrophied, referred to as the 
“neolimbus.” 
=" The acetabular dysplasia in the infant and young child with 
DDH is predominantly anterior and lateral.* 


NATURAL HISTORY 


= The natural history of the dysplastic hip with hip subluxa- 
tion is worse than the hip with acetabular dysplasia alone. 
" Patients with subluxated dysplastic hips develop pain and 
disability and radiographic evidence of osteoarthrosis. The 
age of onset of symptoms depends on the degree of sublux- 
ation, with severe subluxation leading to symptoms in the 
third decade of life."® 
= Patients with acetabular dysplasia without subluxation 
develop radiographic evidence of osteoarthrosis in the sixth 
decade of life, and some will develop pain and disability, de- 
pending on the degree of dysplasia.'° 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Patients with developmental hip dislocation may have a 
positive family history and are usually female and first-born 


children. 
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= There can be a history of breech presentation at birth. 

=" Children with a dislocated hip usually meet their gross 
motor milestones within the appropriate timeframe. 

= The pertinent physical examination findings in the walking 
child (the timeframe when this operation is typically per- 
formed) are listed below. 

=" Hamstring tightness test: Normally, the hamstrings will 
tighten with passive knee extension, and no knee hyperexten- 
sion should be possible. A positive test implies hip dislocation 
or flaccid paralysis of the hamstring muscles. 

= Gluteus medius lurch: Trunk lean over the stance phase leg 
signifies a positive test, which is a nonspecific sign of hip 
pathology caused by dislocation, coxa vara, or painful hip 
conditions. 

=" Galeazzi sign: Knees at different levels signify a positive test, 
which indicates hip dislocation or congenital shortening of the 
femur. 

= Limitation of hip abduction: Normal abduction range of mo- 
tion is 80 degrees tested in flexion in the newborn and infant. 
Asymmetric abduction suggests unilateral hip dislocation. 
Bilaterally decreased abduction suggests bilateral hip dislocation. 
= Trendelenburg sign: If the pelvis dips away from the affected 
leg during single limb stance, the test is positive. Like the glu- 
teus medius lurch, a positive test is a nonspecific sign of hip 
pathology caused by dislocation, coxa vara, or painful hip 
conditions. 

= Inspection of inguinal skin fold: Normal inguinal skin folds 
are symmetric and stop short of the anal aperture posteriorly. 
Asymmetric skin folds are a relatively nonspecific finding in 
the dislocated hip. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Standing anteroposterior (AP) and supine frog-leg lateral 
pelvis radiographs 
" On the AP film, the acetabular index should be measured 
to diagnose acetabular dysplasia. Normal values are 35 de- 
grees at birth, 25 degrees at 1 year of age, and 20 degrees at 
2 years of age (FIG 1).” 
= Also on the AP film, the line of Shenton is inspected for 
discontinuity, which represents hip subluxation (FIG 1). 
= A false-profile view of the hip can identify more subtle cases 
of acetabular dysplasia, particularly in the walking child. 
= Advanced imaging studies (3D CT scanning of the acetabu- 
lum, MRI of the hip) may be of value in older children to as- 
sess acetabular morphology. 


DIFFERENTIAL DIAGNOSIS 


Proximal femoral focal deficiency 
Congenitally short femur 
Developmental coxa vara 
Legg-Calvé-Perthes disease 


Acetabular 
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FIG 1 © Measurement of the acetabular index and location of 
the line of Shenton. This schematic of an AP pelvis radiograph 
demonstrates a dislocated right hip. Line of Hilgenreiner is 
drawn through the top of the triradiate cartilages. A second 
line is drawn from the line of Hilgenreiner at the inferior edge 
of the ossified margin of the acetabulum to the lateral edge of 
the ossified margin of the acetabulum. The angle between 
these two lines is the acetabular index. The line of Shenton 
should be a continuous arc between the medial femoral neck 
and the superior aspect of the obturator foramen in the normal 
hip. It is not continuous in the dislocated hip. 


NONOPERATIVE MANAGEMENT 


=" The acetabular index should be observed for improvement 

over 12-18 months after successful closed reduction in the 

child less than 18 months of age. 
" If residual acetabular dysplasia exists, a Salter innominate 
osteotomy can be performed at that time. 

=" Whether the osteotomy should be performed concurrently 

with an open reduction or as a staged procedure is controversial. 
= A child less than 18 months old who fails closed reduction 
can be treated with an isolated open reduction of a dislo- 
cated hip and observed for improvement in the acetabular 
index into the normal range over 12 to 18 months. 





FIG 2 « Patient positioning. The patient is placed with a gel roll 
longitudinally under the right thorax, elevating the right 
hemipelvis. The area of sterile preparation is from the rib cage 
proximally, the midline anteriorly and posteriorly, and the en- 
tire leg distally. 
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=" A subsequent Salter innominate osteotomy should be 
performed if acetabular development is deficient after 
observation.* 


SURGICAL MANAGEMENT 


= Surgical indications: 
" Age 18 months to 6 years°® 
=" Concentric hip reduction (either preoperatively or intra- 
operatively with an open reduction)® 
" No or minimal osteoarthrosis of the hip 
= At least 100 degrees of hip flexion and 30 degrees of hip 
abduction 
= Anterior and lateral acetabular dysplasia 


Preoperative Planning 


= A hip arthrogram is first performed in cases of hip dysplasia 
before patient positioning to confirm a concentric reduction. 
= If there is not a concentric reduction, other procedures 
(open reduction, proximal femoral osteotomy) are per- 
formed to achieve a concentric reduction before performing 
a Salter innominate osteotomy. 
=" For the dislocated hip, a closed reduction is attempted. 
" Ifa gentle concentric closed reduction is achieved and the 
patient is over 18 months old, a Salter innominate os- 
teotomy including intramuscular psoas lengthening without 
open hip reduction can be performed. 
= An estimation of femoral anteversion with fluoroscopy be- 
fore patient positioning is used to decide if a concurrent 
femoral derotational osteotomy is necessary. 
" We perform a femoral derotational osteotomy if femoral 
anteversion is greater than 45 degrees. 


Positioning 

= The patient is placed supine on the operating table with a gel 
roll under the thoracolumbar spine on the affected side (but 
not under the affected pelvis), raising the affected side into an 
oblique position. 

= The hip is prepared from the midline anterior and posterior, 


to the inferior rib cage proximally, and the entire extremity 
distally (FIG 2), 


Approach 


= An anterior Smith-Peterson approach to the hip is used, with 
the incision modified as described in Chapter PE-67 (FIG 3). 


FIG 3 e Surgical incision. The inci- 
sion is placed obliquely over the 
anterior aspect of the hip and is 
centered about 2 cm below the an- 
terior superior iliac spine. 
Proximally, the incision curves to 
follow the contour of the iliac crest 
but is distal to it. Distally, the inci- 
sion curves to lie in the intermuscu- 
lar interval between the sartorius 
and tensor fascia lata muscles. 
Because the skin is mobile in the 
child, the incision can be easily 
moved to complete the exposure 
of the iliac crest and the anterior 
aspect of the hip without having it 
rest directly on the iliac crest. 
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Section VIII HIP 


EXPOSURE OF THE ANTERIOR HIP AND ILIUM 


The exposure of the anterior hip is the same as for an 
open reduction of the hip in Chapter PE-67. 

While retracting the external oblique muscle proximal 
and medial, the iliac apophysis is split with a no. 15 blade 
scalpel from the iliac tubercle to the anterior inferior iliac 
spine (AIIS). 


SALTER INNOMINATE OSTEOTOMY 


Curved Crego or Rang retractors are placed subpe- 
riosteally in the sciatic notch from the medial and lateral 
sides. 

The medial retractor is placed on top of the lateral re- 
tractor in the notch. 

The tip of a right-angled clamp is placed on top of the re- 
tractors from the medial side of the sciatic notch. 





The inner and outer tables of the ilium are subpe- 
riosteally dissected with Crego periosteal elevators to the 
sciatic notch. 

An intramuscular psoas tendon lengthening is per- 
formed at the pelvic brim. 


The Gigli saw is placed into the right angle clamp later- 
ally and pulled around the sciatic notch (TECH FIG 1A). 
The right-angled clamp is rotated into the notch on top 
of the medial retractor. 

The operating room table is lowered, and with hands as 
wide as possible, the Gigli saw is used to make the os- 
teotomy, exiting just above the AIIS (TECH FIG 1B). 


TECH FIG 1 « A. Gigli saw on 
top of subperiosteal retractors 
in the sciatic notch. B. Location 
of the Salter innominate os- 
teotomy. 





HARVESTING BONE GRAFT 


The iliac wing is removed with an oscillating saw laterally 
or bone-biting forceps from the AIIS to the iliac tubercle 
(TECH FIG 2A,B). 

The graft is shaped in to a 30-degree bone wedge (TECH 
FIG 2C). 









TECH FIG 2 ¢ A,B. Location of bone graft harvest. C. Bone graft shaped into 30-degree wedge. 


PLACING THE GRAFT 


Towel clamps are used to stabilize the proximal frag- 
ment and hinge the distal fragment anterior and lateral. 
The distal fragment is pulled anteriorly to prevent poste- 
rior slipping, and the posterior part of the osteotomy is 
kept apposed (TECH FIG 3A). 

If done as an isolated procedure, opening the osteotomy 
site can be facilitated by placing the leg in the figure 4 
position. 

The graft is placed in the osteotomy gap concave side 
medial, with the medial cortex flush with the medial cor- 
tex of the proximal and distal fragments (TECH FIG 3B). 
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The graft is secured with two threaded Steinmann pins 
placed from proximal across the graft into the medial 
and posterior portion of the distal fragment up to the 
triradiate cartilage (TECH FIG 3C). 

The acetabulum is palpated (if done with an open reduc- 
tion) or the hip taken through full range of motion (if 
done as an isolated procedure) to ensure pins are extra- 
articular. 

An intraoperative obturator oblique radiograph is taken 
with the pins in place to ensure they do not enter the tri- 
radiate cartilage (TECH FIG 3D). 
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TECH FIG 3 « A. Hinging open the osteotomy. Towel clamps are used to grasp the 
proximal and distal osteotomy fragments. The proximal fragment is stabilized and the 
distal fragment is pulled anterior and hinged anterior and lateral. B. The graft is placed 
in the osteotomy site with the concave side facing medial. The medial cortex of the 
proximal fragment, graft, and distal fragment are flush with each other. The proximal, 
and particularly the distal, osteotomy fragments are wider than the graft, meaning 
that the lateral cortex of the graft is significantly more medial than the lateral cortices 
of the proximal and distal fragments. C. Two threaded Steinmann pins are drilled from 
the proximal fragment across the posterior half of the graft to the distal fragment. The 
pins are placed just deep to the medial cortices. The surgeon is looking from proximal- 
lateral to distal-medial along the Steinmann pin path in this figure. D. Intraoperative 
obturator oblique pelvic radiograph shows the Steinmann pins holding the graft in 
place and stopping short of the triradiate cartilage. 


WOUND CLOSURE 


= The iliac apophysis is closed with absorbable suture ina §& 
figure 8 fashion. 
= The first loop of the figure 8 is circumferential around #® 
the entire apophysis, and the second loop captures 
only the superficial half of the apophysis. 7 


The pins are cut above the apophysis, coming to lie in the 
subcutaneous fat, for easy future removal. 

The common head of the rectus femoris tendon is re- 
paired to its insertion. 

Subcutaneous tissue and skin are closed in the standard 
fashion. 
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Section VIII HIP 


PEARLS AND PITFALLS 





Indications 


Iliac exposure 


= The osteotomy should be performed only for anterior and lateral acetabular deficiency in the concentrically 
reduced hip. 

= The surgeon should avoid performing the osteotomy in conditions with known posterior hip dysplasia, such as 
myelomeningocele or cerebral palsy. 


= Retracting the external oblique muscle away from the iliac apophysis avoids unnecessary bleeding when cutting it. 
= Raytec sponges placed subperiosteally on the inner and outer tables of the ilium aid in dissection and decrease 


bleeding. 


= Strict subperiosteal exposure of the sciatic notch is essential. 


Performing the 


= Twisting the retractors in opposite directions facilitates Gigli saw passage. 
= The anterior inferior iliac spine needs to be fully exposed to determine the proper osteotomy exit position. 


= The osteotomy should be hinged open, pulling the distal fragment anterior and keeping the 


= Proper pin length can be estimated by holding a second identical pin along the medial cortex at the desired 


= |t is imperative to obtain an intraoperative radiograph showing that the pins stop short of the triradiate cartilage. 

= Extra-articular pin placement should be ruled out by direct palpation if concomitant hip open reduction is 
being performed, or by placing the hip through a full range of motion and feeling and listening for crepitus. 

= Aiming pins just deep to the medial cortex in the proximal and distal fragments and the graft aids in proper 





FIG 4 e Estimating Steinmann pin length. 
The Steinmann pin can be held along the 
medial surface of the osteotomy and graft 
to estimate the depth of pin insertion and 


osteotomy 

Opening the 

osteotomy posterior cortex of the osteotomy opposed. 

Fixation 

problems depth (FIG 4). 

medial pin placement. 
= Aiming pins in the posterior half of the graft aids in proper posterior pin placement. 
marked with a pen. 

POSTOPERATIVE CARE 


= The patient is placed in a one-and-a-half hip spica cast with 
the affected hip in the position of maximal hip stability and, 
if possible, close to the position of weight bearing (about 30 
degrees of flexion, 20 degrees of abduction, and 20 degrees of 
internal rotation). 

=" When performed as an isolated procedure, young children 
should be immobilized in a single-leg spica cast for about 6 
weeks, when early radiographic evidence of healing is evident. 
=" Older children who are reliable may be allowed to use 
crutches and perform touch-down weight bearing on the af- 
fected side without the use of a single-leg spica cast. 


OUTCOMES 


= Patients with concentrically reduced hips and corrected ac- 
etabular dysplasia with a Salter innominate osteotomy, in the 
absence of avascular necrosis, have good to excellent functional 
outcomes scores at over 30 years after the index procedure. 


=" Functional outcomes are best when the acetabular dysplasia 
is initially corrected to near-normal radiographic values.'** 


COMPLICATIONS 


=" Neurovascular injury to structures in the sciatic notch 

= Lateral femoral cutaneous nerve injury during surgical 
exposure 

= Inadequate correction of acetabular dysplasia due to inade- 
quate patient selection preoperatively or inadequate acetabu- 
lar rotation intraoperatively” 

= Injury to the femoral nerve due to prolonged retraction of 
the psoas muscle or incorrect identification of the psoas ten- 
don during intramuscular tenotomy 

= Pin penetration into the hip joint or triradiate cartilage 

=" Nonunion at the osteotomy site 

= Migration of the graft due to inadequate fixation” 

= Avascular necrosis of the femoral epiphysis” 

=" Growth arrest of the triradiate cartilage 
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DEFINITION 


= The Pemberton® (FIG 1A-C) and Dega’* (FIG 1D-F) os- 
teotomies are performed for acetabular dysplasia that is either 
part of a developmental disorder or an acquired disorder due 
to muscle imbalance in neuromuscular conditions. 

= These are reshaping procedures that alter the shape of the 
acetabulum and increase its volume.”*’* 

= They are used primarily to increase anterior acetabular cov- 
erage but can be altered to provide more lateral coverage. 


ANATOMY 


=" The acetabulum develops at the confluence of the growth 
centers of the ilium, ischium, and pubis. 


Pericapsular Osteotomies 
of Pemberton and Dega 


ee ee ee ee eee eee eee ee > 
Tim Schrader and J. Anthony Gonzales, Jr. 


=" Normal growth of the acetabulum requires not only that all 
of these growth centers remain open and function normally 
but also that the femoral head remains concentrically reduced 
and stable within the acetabulum. 

= If the growth centers are damaged, either from pathologic 
conditions or iatrogenically, or if the femoral head is not sta- 
ble within the acetabulum, normal growth is unlikely to occur 
and hip dysplasia develops. 


PATHOGENESIS 


= Because of an abnormality in the growth centers of the ac- 
etabulum, abnormal periosteal growth, or abnormal position- 
ing of the femoral head, the acetabulum does not develop 


properly. 





FIG 1 e A-C. Pemberton osteotomy depicted on a bone model viewed from anteriorly (A), from inside the pelvis medi- 
ally (B), and from outside the pelvis laterally (C). The osteotomy starts at the anteroinferior iliac spine (AIIS) and ex- 
tends posteriorly following the insertion of the capsule. It then turns caudally and bisects the posterior column to the 
level of the triradiate cartilage. D-F. Dega osteotomy depicted on bone model viewed from anteriorly (D), from inside 
the pelvis medially (E), and from outside the pelvis laterally (F). As for the Pemberton, the Dega osteotomy starts at 
the AIIS and extends posteriorly following the insertion of the capsule. However, it then stops about 1 cm from the sci- 
atic notch on the lateral surface. The medial surface is cut just above the horizontal limb of the triradiate cartilage. The 
more of the medial surface that is left intact, the more lateral coverage the osteotomy provides. 
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=" Even with a concentric reduction of the femoral head, the 
prior period of abnormal growth may prevent the acetabulum 
from achieving a normal configuration at maturity. The older 
the child is at the time of reduction, the more likely an os- 
teotomy will be necessary. 


NATURAL HISTORY 


=" Many patients with acetabular dysplasia develop subluxa- 
tion or dislocation of the femoral head. This can lead to early 
arthritis in the middle adult years. 

=" The degree of subluxation does not necessarily correlate 
with the time to onset of symptoms or the degree of arthritic 
changes. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Hip dysplasia can be diagnosed clinically in newborns and 
young infants owing to instability of the hip. 
= Patients with a history of hip dysplasia are typically fol- 
lowed radiographically until adulthood to ensure normal ac- 
etabular development. 
=" Older children without a prior history of developmental hip 
dysplasia are typically diagnosed with radiographs based on clin- 
ical suspicion, especially when significant risk factors are present. 
= Risk factors include breech position, female, first-born, and 
oligohydramnios. Developmental hip dysplasia is associated 
with other “packaging disorders.” 
= Patients sometimes present in childhood with a limp, hip 
pain, limb-length discrepancy, or asymmetric hip abduction, 
particularly those with underlying neuromuscular conditions. 
= Routine screening for hip dysplasia in neuromuscular condi- 
tions with radiographs is widely performed. 
= Examinations and tests to perform include: 
= Ortolani test: Positive if a clunk is felt as a dislocated hip 
reduces. 
" Barlow test: Positive if a clunk is felt as a reduced hip dis- 
locates. 
" Hip abduction: In a normal hip, abduction should be 
more than 60 degrees and symmetric. This may be the only 
abnormal sign in infants. A difference of 10 degrees or more 
is significant. 
" Galeazzi sign: A difference in thigh length is a positive re- 
sult. A positive Galeazzi sign can indicate a dislocated hip, a 
short femur, or a congenital hip deformity. 
" Abnormal skin folds can occur in normal children but 
may also indicate asymmetric hip abduction. 
= Limp with ambulation, Trendelenburg sign, or limp asso- 
ciated with limb-length discrepancy may be the only abnor- 
mal sign in older children. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Dynamic hip ultrasound can be used to detect hip dysplasia 
in very young infants (under 6 months of age). 
= Plain radiographs, including an anteroposterior (AP) view of 
the pelvis and false profile views, typically can be used to make 
the diagnosis in older children. 
= Radiographic parameters, including the acetabular index, 
lateral center-edge angle, anterior center—edge angle, the po- 
sition of the sourcil, and the line of Shenton, should be eval- 
uated (FIG 2). 





FIG 2 © A. Preoperative AP pelvic radiograph of a child with 
bilateral hip dislocations. B. Preoperative AP pelvic radi- 
ographs of a child with right hip dysplasia. This child had un- 
dergone a closed reduction and adductor tenotomy at 

12 months of age. The hip is now located, but acetabular dys- 
plasia persists and did not improve over a year of observa- 
tion. Changes consistent with avascular necrosis are present 
in the right femoral epiphysis. 


" Dislocation is detected by lack of contact between the ac- 
etabulum and femoral head. 
" Subluxation is detected by a break in the line of 
Shenton. 
= Acetabular dysplasia can be detected by a decrease in the 
lateral center-edge angle or an increased acetabular index 
on the AP pelvic radiograph or a decrease in the anterior 
center-edge angle on the false profile view. 
=" A pelvic radiograph with the legs abducted and internally 
rotated can give some idea about the ability of the hip to re- 
duce, with either increased acetabular coverage or a femoral 
osteotomy. 
=" A CT scan can provide a closer look at anterior and lateral 
coverage. 


DIFFERENTIAL DIAGNOSIS 


= Slipped capital femoral epiphysis 
=" Legg-Calvé-Perthes disease 

=" Congenital coxa vara 

= Proximal femoral focal deficiency 
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NONOPERATIVE MANAGEMENT 


= Infants are typically treated with full-time braces, such as 
the Pavlik harness. 
=" Young children can be treated with a closed reduction and 
cast immobilization. 
= The initial treatment for primary acetabular dysplasia with- 
out hip instability or residual acetabular dysplasia following 
treatment for instability is observation. 
= As long as the acetabular index continues to improve and 
the hip remains concentrically reduced, observation can be 
continued. 
" If hip subluxation develops or the acetabular index fails 
to improve over a 12-month period, operative treatment is 
indicated. 
=" Neuromuscular patients with a migration index less than 
25% can be observed as long as their abduction remains greater 
than 45 degrees. Patients with migration indexes over 50% gen- 
erally will benefit from surgical treatment of their dysplasia, 
which can include a femoral or pelvic osteotomy. 


SURGICAL MANAGEMENT 


=" The Pemberton and Dega osteotomies are used to treat ac- 
etabular dysplasia with anterior and lateral deficiencies. 
=" They are used when more than 10 degrees of acetabular 
index correction is needed. 
= They are also used to augment the reduction during open re- 
duction in a patient with severe acetabular dysplasia. 
=" Mubarak’s variation of the Dega osteotomy incorporates a 
lateral ilium cut that goes all the way to the sciatic notch. 
" It includes a bicortical cut into the sciatic notch with a 
rongeur. 
= The inner wall of the ilium is cut only anteriorly between 
the anterosuperior and anteroinferior iliac spines (ASIS and 
AIIS) and posteriorly at the sciatic notch. 


Preoperative Planning 


=" Hip and knee contractures should be carefully evaluated 
preoperatively so they can be addressed during the surgical 
procedure. 
=" With neuromuscular patients, the femoral head may be de- 
formed. An open capsulotomy to look at the articular cartilage 
may prove to be beneficial. 
" If there is significant articular cartilage damage, particu- 
larly laterally from the hip capsule, a resection arthroplasty 
may be indicated as opposed to a reduction. 


= The primary area of acetabular deficiency needs to be deter- 
mined to plan the osteotomy. 

= The triradiate cartilage should be open because the os- 
teotomy hinges on this cartilage. Generally this osteotomy can 
be performed up to 10 years of age. 

=" Hip mobility must be good, especially abduction and inter- 
nal rotation. 

=" A concentric reduction of the femoral head in the ace- 
tabulum before the osteotomy is an absolute prerequisite. 
This can be assessed preoperatively with an abduction inter- 
nal rotation hip radiograph or can be assessed intraop- 
eratively after a capsulotomy or varus proximal femoral 
osteotomy. 


Positioning 

= Patients are positioned supine on a radiolucent table with a 
bump under the lumbosacral spine to provide about 30 de- 
grees of elevation of the ipsilateral hip (FIG 3). 

= A fluoroscopic evaluation should be done at this time to en- 
sure adequate radiographic visualization. 

= The entire limb is prepared from the lower rib cage to midline. 


Approach 


=" A standard anterolateral approach using the interval be- 
tween the tensor fascia lata and sartorius is used. 





FIG 3 e Patient positioning. A bump is placed under the lum- 
bosacral area, and the entire lower extremity is draped free. 





INCISION AND SUPERFICIAL EXPOSURE 


= Two different skin incisions have been described (TECH 


FIG 1A). 


= The concave Smith-Peterson incision is curvilinear & 
along the iliac crest and then extends along the ante- 
rior thigh; it is expansile and can be used to perform 


a concomitant femoral osteotomy. 


= The “bikini” oblique incision is more cosmetically ap- 
pealing and offers the experienced surgeon adequate 
exposure. A separate lateral incision is used with the 
bikini incision in case a femoral osteotomy is planned. 
To prevent injury to the neurovascular structures 


= Either skin incision is deepened to expose the iliac crest and 

the interval between the sartorius and tensor fascia lata. 

The deep fascia is incised next on top of the tensor fascia 

lata muscle to avoid injury to the lateral femoral cuta- 

neous nerve (TECH FIG 1B). 

= The tensor-sartorius interval is deepened until the rec- 
tus femoris is encountered. The interval is then devel- 
oped proximally up to the ASIS. The direct head of the 
rectus attached to the AIIS is identified. It can be re- 
leased and reattached at the end of the osteotomy or 
left attached. 


below the fascia, care must be taken with the oblique 


INCISION medial to the ASIS. 
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TECH FIG 1 « A. Skin incisions. There are two alternatives for the skin incision. The more extensile Smith-Petersen 
concave incision (red line) can be used for a concurrent femoral osteotomy, but it often leaves an unsightly scar. 
The more limited “bikini” incision (black line) provides plenty of exposure, leaves an appealing scar, and can be 
combined with a lateral incision for concurrent femoral osteotomies. B. Superficial exposure. The iliac apophysis 
has been exposed by elevating the overlying abdominal musculature. The tensor-sartorius interval has been 
opened. The interval is opened over the tensor musculature to protect the lateral femoral cutaneous nerve. The 


nerve is on top of the pickup. 


PEMBERTON OSTEOTOMY 


Deep Exposure 


= The exposure is important in this osteotomy. Before any 
cuts are made the surgeon should be able to clearly see 
the inner and outer portions of the iliac wing to the sciatic 
notch posteriorly and the entire hip capsule anteriorly. 

= The outer table of the ilium can be exposed either by 
splitting the iliac apophysis or by dissecting just below the 
apophysis, in which case the apophysis is then taken off 
as an entire piece to minimize injury to this growth area. 

= The outer and inner tables are exposed in a subperiosteal 
fashion to the sciatic notch. 

=™ Chandler retractors are placed into the sciatic notch from 
medial and lateral to protect the neurovascular bundle 
(TECH FIG 2). 

= The reflected head of the rectus is then released and fol- 
lowed posteriorly. It acts as a guide to the border of the 
hip capsule. 





TECH FIG 2 * Deep exposure. The medial and lateral portions 
of the iliac wing have been exposed by splitting the apoph- 
ysis. The Chandler retractors are in the sciatic notch. The cap- 
sule has been exposed. The direct head of the rectus is tagged 
with the suture. 


Creating the Osteotomy 


The first cut is made on the outer table starting 1 to 1.5 

cm above the AllS and extending posteriorly and parallel 

to the joint capsule. 

About 0.5 to 1 cm from the sciatic notch, the osteotome 

should be turned and directed distally down the ischium 

to the level of the ischial limb of the triradiate cartilage 

(TECH FIG 3A). 

=" The last portion of this cut is made in a blind fashion 
with fluoroscopic guidance, and care must be taken 
to avoid cutting into the sciatic notch, the hip joint, or 
the triradiate cartilage. 

The osteotome should remain midway between the 

capsular attachment and the sciatic notch, splitting the 

posterior column in half to the level of the triradiate 

cartilage. 

The inner cut is started at the same point as the outer cut 

on the anterior surface, and the cut is generally at the 

same level as the outer cut running parallel to it (TECH 

FIG 3B). 


Osteotomy Variation 


If more lateral coverage is needed, the inner cut is moved 
more distal and shortened to make a more oblique os- 
teotomy. 

This changes the fulcrum of rotation from straight 
posterior to more posteromedial, giving more lateral 
coverage as the fragment is levered downward (TECH 
FIG 4). 


Separating the Bone 


A special curved osteotome (TECH FIG 5A) is inserted 
into the osteotomy to connect the two cuts. This os- 
teotome is advanced by hand. 

Once the osteotome is at the level of the triradiate carti- 
lage (TECH FIG 5B), the acetabular roof is gently levered 
down (TECH FIG 5C). 
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TECH FIG 3 e A. Lateral wall cut. The 
Chandler retractor is in the sciatic notch and 
the osteotome is used to cut the lateral cor- 
tex. The cut has started between the antero- 
superior and anteroinferior iliac spines (ASIS 
and AllS) and is extending parallel to the 
joint. The posterior portion of this osteotomy 
will be made in a blind fashion. B. Medial 
wall cut. The Chandler retractor is in the sci- 
atic notch and the osteotome is used to cut 
the medial cortex. The cut has started at the 
same location as the lateral wall cut, between 
the ASIS and the AIIS, and is extending in the 
same direction as the lateral wall cut. 


TECH FIG 4 e Variations in the Pemberton os- 
teotomy. The inner and outer iliac wing cuts de- 
termine the amount of coverage based on their 
direction. A,B. If more anterior coverage is re- 
quired, then the inner cut is more transverse. 
C,D. If more lateral coverage is required, then 
the osteotomy is inclined laterally and both cuts 
begin a little farther away from the capsule. 








TECH FIG 5 e A. Pemberton osteotome. The special curved Pemberton osteotome is necessary to connect the inner and outer 
wall cuts and make the sharp posterior curve. B. Connecting the cuts. A special curved osteotome is necessary to make the sharp 
curve of the osteotomy posteriorly. The osteotome is advanced by hand, connecting the inner and outer wall cuts made previ- 
ously. The osteotome is advanced to the level of the triradiate cartilage. The dotted line represents the anterosuperior iliac spine 
autograft fragment that can be used to hold the osteotomy open. C. Levering down the osteotomy. The osteotomy is levered 
downward with the osteotome. A lamina spreader can also be used with caution. In this patient, a femoral shortening os- 
teotomy and open reduction have been performed and sutures are in place allowing for a capsulorrhaphy once Pemberton os- 
teotomy has been completed. 
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TECH FIG 6 e A. Anterosuperior iliac spine (ASIS) autograft bone wedge. An osteotome is used to harvest the ASIS au- 
tograft bone wedge. The height of the wedge is determined by the amount the osteotomy will be levered downward. 
B. Graft placement. An autograft bone wedge from the ASIS or an allograft wedge can be used. The graft is inserted 
in an anterior-to-posterior direction and should be stable after it is impacted. Internal fixation is seldom necessary. 
Cc. AP postoperative pelvic radiograph of a left Pemberton osteotomy in a spica cast. An open reduction, capsulorrha- 
phy, and femoral shortening osteotomy have also been performed. 


Graft Placement and Closure 


Once the roof is in the desired position (usually an open- 
ing of 1 to 2 cm anteriorly), bone wedges are placed in 
the opening to hold the osteotomy open. Allograft or a 
wedge of the ASIS can be used.° 

An autograft wedge of the ASIS can be harvested with a 
straight cut of the ilium (TECH FIG 6A). 


= The graft is usually placed from anterior to posterior. A 
gouge may be used to make a trough in the iliac wing 
and the acetabular fragment for the graft to rest in 
(TECH FIG 6B). 
= Internal fixation is usually not necessary. 

= The apophysis and muscles are then reattached with su- 
ture, and the skin is closed in routine fashion. 

=  Ahip spica cast is then applied (TECH FIG 6C). 
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DEGA OSTEOTOMY 


Exposure 


As for the Pemberton osteotomy, the outer table of the 
illum can be exposed either by splitting the iliac apoph- 
ysis or by dissecting just below the apophysis, in which 
case the apophysis is then taken off as an entire piece to 
minimize injury to this growth area. 

The outer table is exposed in a subperiosteal fashion to 
the sciatic notch. Although it is not necessary to expose 
the inner table for a Dega osteotomy, it does aid in ori- 
entation and adds little to the morbidity of the proce- 
dure (TECH FIG 7). 

A Chandler retractor is placed into the sciatic notch 
from the lateral side to protect the neurovascular 
bundle. 

The reflected head of the rectus is then released and fol- 
lowed posteriorly. It acts as a guide to the border of the 
hip capsule. 





TECH FIG 7 « Deep exposure. The iliac apophysis has been 
slit and the inner and outer walls of the ilium have been 
exposed by subperiosteal elevation. Sponges have been 
placed posteriorly along the inner and outer ilium to aid 
in retraction. 


Section VIII HIP 


Creating the Osteotomy 


A curvilinear osteotomy is performed on the outer wall 
starting just above the AIIS to a point 1 to 1.5 cm in front 
of the sciatic notch. 

Guidewires can be inserted at the most cephalad portion 
of the osteotomy, directed toward the inner wall just 
above the triradiate cartilage. They are placed under ra- 


Next, an osteotome is used to cut the illum medially and 
inferiorly in line with the guidewire down through the 
inner wall (TECH FIG 8B). If the inner table has been ex- 
posed, this can be confirmed with direct visualization. 
The posterior third of the inner wall should be left intact 
to act as a fulcrum for rotation. 


diographic guidance on the obturator oblique view. = The less inner wall that is cut, the more lateral the 
They serve as a guide for the chisel when the osteotomy coverage that will be obtained with rotation (TECH 
is made. FIG 8C-E). 

= Like exposing the inner table, guidewires are not =" The thinner the roof fragment, the deeper the cover- 


necessary but aid in orientation and add little to 
the morbidity of the operative procedure (TECH #® 
FIG 8A). 


age and less redirection you Nave. 
The cortex is then levered down with a wide osteotome 
to provide the desired coverage. 





Cc D 


TECH FIG 8 « A. Guidewire placement. Three Kirschner wires have been placed along the outer ilium. They 
are placed under fluoroscopic guidance on an obturator oblique view. They enter the lateral ilium about 1 
cm cephalad to the joint capsule and are directed to exit the medial ilium just above the triradiate cartilage. 
B. Making the osteotomy cut. An osteotome is inserted along the lateral ilium about 1 cm above the hip cap- 
sule and directed medially and inferiorly. In this case, guidewires have been placed and the osteotome is 
inserted parallel to the wires. The osteotomy starts between the anterosuperior and anteroinferior iliac 
spines and extends to within 1 cm of the sciatic notch. C. Variations in the osteotomy cuts. The osteotome is 
directed inferomedially. The steeper the acetabular slope preoperatively, the higher the osteotomy will need 
to start laterally. The amount of lateral and anterior coverage is determined by how much of the posterior 
medial inner wall is left intact. D. If more of the medial wall is left intact, then the fulcrum of rotation will 
move more anterior and more lateral coverage will be obtained. E. If more of the medial wall is cut, then the 
fulcrum of rotation will move posteriorly and more lateral coverage will be obtained. 
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TECH FIG 9 « The Mubarak variation is shown in an anterior 
and lateral projection. The osteotomy extends anteriorly from 
the anteroinferior iliac spine posteriorly to the sciatic notch 0.5 
to 1.0 cm above the hip capsule. The osteotomy is bicortical only 
in the area of the iliac spines and the sciatic notch. The sciatic 
notch cut can be made with a Kerrison rongeur. Osteotomes 
are then used to cut toward the triradiate cartilage between 
the hip joint and the medial wall. Once the cut has been ex- 
tended to the triradiate cartilage, the acetabular fragment is 
levered downward. If the anterior and posterior cuts are not bi- 
cortical, then the fragment may not displace adequately. 


Mubarak Variation 


= Mubarak’s osteotomy® is a variation of the Dega os- 
teotomy that incorporates a lateral ilium cut that goes all 
the way to the sciatic notch (TECH FIG 9). 
= |t includes a bicortical cut into the sciatic notch with a 
rongeur. 


= The inner wall of the ilium is cut only anteriorly be- 
tween the ASIS and AllS and posteriorly at the sciatic 
notch. 

The outer illum is exposed down to AIlIS anteriorly and 

the sciatic notch posteriorly. The inner wall is exposed 

only enough to take the upper ilium and ASIS for bone 

graft. 

Two points are identified, one about 0.5 to 1 cm above 

the acetabulum and one within the sciatic notch. 

Bicortical cuts are made at each spot. 

= A Kerrison rongeur can be used to make the posterior 
cut safely. 

A curvilinear cut is made in the outer cortex to connect 

the two points. 

The osteotome is directed down to the triradiate 

cartilage but does not enter the cartilage. It is used to 

lever the roof down 1 to 1.5 cm, and once the bone is 

levered down, bone graft wedges are used to hold it 

open. 


Graft Placement and Closure 


Triangular bone wedges are used to hold the os- 
teotomy open (TECH FIG 10A). Allograft wedges can 
be used. Autograft wedges from the iliac crest or from 
a concurrent femoral shortening osteotomy can also 
be used. 

The wedges are inserted in a lateral-to-medial direction. 
It is important to place the largest piece of graft where 
the most coverage is desired (TECH FIG 10B). 

= Internal fixation is usually not necessary. 

The apophysis and muscles are then reattached with su- 
ture and the skin is closed in routine fashion. 

A hip spica cast is then applied (TECH FIG 10C,D). 
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TECH FIG 10 « A. Triangular pieces of autograft or allograft bone can be 
used as wedges. The size of the wedge depends on the amount the os- 
teotomy is mobilized and the remaining gap left. B. Autograft bone 
wedges from the anterosuperior iliac spine or allograft can be used. The 
grafts are inserted in a lateral-to-medial direction. The largest wedge is in- 
serted in the area where the largest amount of coverage is desired. The 
grafts should be stable after they are impacted. Internal fixation is seldom 
necessary. C. Postoperative AP pelvic radiograph of a right Dega osteotomy 
in a spica cast (same child as shown in Fig 2B). Allograft bone has been 
used. D. An AP pelvic radiograph of the same child 12 months postopera- 
tively. The line of Shenton is now intact, the allograft has incorporated 
nicely, and the femoral epiphysis remains round. 
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Section VIII HIP 


PEARLS AND PITFALLS 





Inadequate exposure 


Need lateral coverage 


Need anterior coverage 


Graft loosening 


Entry into the acetabulum 


Excessive anterior coverage 


# If the sciatic notch cannot be seen on both the inner and outer walls of the ischium, then the os- 
teotomy is more likely to enter the sciatic notch, potentially causing neurovascular injury. 


= The osteotomy should be more of an oblique osteotomy, and the length of the inner wall cut 
should be one-half to two-thirds the length of the outer cut. This allows the osteotomy to rotate 
around a more medial fulcrum, giving more lateral coverage. 


= The inner and outer wall cuts should be on the same level and the two cuts should be about the 
same length. For the Dega osteotomy, the inner cut might be slightly shorter (no less than 75% the 
length of the outer cut). This allows either osteotomy to rotate around a more posterior fulcrum, 
giving more anterior coverage. 


= A gouge can be used to make a trough for the graft. 

= Pemberton: The stability of the graft is tested with a Kocher clamp. If it is unstable, then the 
osteotomy is secured with a temporary Kirschner wire. The Kirschner wire must remain extra- 
articular. 

= Dega: The largest graft is placed in the area that needs the most coverage. The outer cortex of the 
graft should be buried below the outer cortex of the ilium. 


= Without careful fluoroscopic guidance, the osteotome can be directed into the acetabular carti- 
lage, causing significant damage. 


= In a patient with prolonged subluxation or significant retroversion, the anterior coverage may sub- 


sequently leave the posterior acetabulum more unstable. 


POSTOPERATIVE CARE 


= Patients are almost exclusively treated with a hip spica cast 
for 6 to 12 weeks. If this is a staged procedure, the patient 
should be left in half of the spica cast while the second proce- 
dure is being done. 

=" Radiographs are obtained to make sure graft displacement 
has not occurred. 

=" Once good radiographic healing has been demonstrated, 
progressive weight bearing over 4 weeks can be started. 

=" Children are followed until maturity to detect avascular 
necrosis and ensure adequate acetabular coverage. 

= Physical therapy is typically not needed to regain mobility 
after immobilization. 


OUTCOMES 


= The Pemberton osteotomy provides excellent long-term ac- 
etabular correction in children, particularly those under age 
4 3:8:9,13,14 
" The osteotomy has also been effective in patients with 
neuromuscular dysplasia."’ 
=" The Dega osteotomy has been successfully used in the treat- 
ment of developmental dysplasia of the hip and neuromuscu- 
lar dysplasia. 
" Several studies have found excellent results in younger 
children (under age 6), with results in older children less re- 


liable.*" 


COMPLICATIONS 


Stiffness 

Subluxation or dislocation 

Closure of triradiate cartilage 
Chondrolysis 

Avascular necrosis of the femoral head 
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Labral Support (Shelf) 
Procedure for Perthes Disease 
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DEFINITION 


= The labral support (shelf) procedure has been used in pa- 
tients with Legg-Calvé-Perthes disease (or Perthes disease) in 
Waldenstr6m’s stages of necrosis or fragmentation in which 
the femoral head shows deformity or is at risk for deformity® 
(FIG. 1). 
=" The concept of the labral support (shelf) procedure in pa- 
tients with Perthes disease includes the following steps°: 
" Reducing the necrotic femoral head into the acetabulum 
= Eliminating hinge subluxation and improving femoral 
head coverage 
" Supporting the labrum and preventing deformity of the 
acetabulum (femoral—acetabular impingement) 
" Preparing for the (labral support) shelf to reabsorb after 
reossification of the femoral head 
" Stimulating overgrowth of the acetabulum and remodel- 
ing of the femoral head 


ANATOMY 


= The posterior branch lateral femoral cutaneous nerve 
" The lateral femoral cutaneous nerve arises from divisions 
of the second and third lumbar nerves. 





FIG 1 © AP radiograph of an arthrogram demonstrates a labral 
support (shelf) in a patient with Perthes disease. The shelf 
supports the labrum and enlarges the acetabulum to prevent 
subluxation of the femoral epiphysis. 


= Tt courses the lateral border of the psoas muscle, crosses 
the iliacus muscle obliquely, passes under the inguinal liga- 
ment, and divides into an anterior and posterior branch. 
= The posterior branch traverses beneath the sartorius mus- 
cle and exits the fascia lata about 1 to 2 cm below the ante- 
rior superior iliac spine. 
" The nerve supplies sensation to the skin anterolaterally 
from the level of the greater trochanter to the middle thigh. 
= The medial aspect of the bikini skin incision used in the 
labral support (shelf) procedure is very near the posterior 
branch of the lateral femoral cutaneous, which requires 
protection. 
=" The labrum is located at the lateral rim of the acetabulum 
and has acetabular cartilage medially and fibrocartilage and fi- 
brous tissue laterally. 
" The labrum growth plate contributes depth to the acetab- 
ulum and must not be damaged while performing the labral 
support (shelf). 
" In the adult, the average width of the acetabular labrum 
is 5.3 mm (standard deviation 2.6 mm). 
" The labrum is wider superiorly and anteriorly than 
posteriorly. 
" The surface area of the acetabulum without the labrum is 
28.8 cm* and with the labrum is 36.8 cm’. 


PATHOGENESIS 


= Perthes disease is a condition of the immature hip caused by 
necrosis of the epiphysis and the growth plate of the proximal 
capital area of the femur. 
= The necrotic tissue is gradually resorbed and replaced by 
new bone. 
" During the process, the epiphysis may become deformed 
and the growth of the proximal femur retarded. 
= Typically, the age at onset of symptoms is between 4 and 
8 years, but it has been seen in children from 2 years to maturity. 
= There is a male predominance of 4:1, and the condition oc- 
curs bilaterally in up to 17% of cases. 
=" Factors with the greatest prognostic significance in Perthes 
disease are: 
= Age at onset of the disease 
" Degree of necrosis of the capital epiphysis 
" Premature capital physeal growth plate closure 
" Persistent stiffness of the hip, with deformity of the 
femoral head (impingement) 
= At maturity, the hip may be normal or may have one of four 
patterns of deformity: coxa magna, coxa brevis, coxa irregu- 
laris (Impingement), and osteochondritis dissecans. 
= In adulthood, patients with irregular (incongruent) hips de- 
velop impingement with progressive degenerative joint disease. 
= About 50% of all patients with Perthes disease have se- 


vere degenerative arthritis by the sixth and seventh decades 
of life. 14-1622 


507 





We 50s 


Section VIII HIP 





FIG 2 * Computed tomography of the hip of a patient with 
Perthes disease showing necrotic bone in the epiphysis and a 
subchondral fracture. 


NATURAL HISTORY 


=" Waldenstrom described four sequential stages of Perthes dis- 
ease in childhood (later modified to the following): necrosis, 
fragmentation (resorption), reossification, and remodeling.**”° 
= The stage of necrosis begins with an infarction of the capi- 
tal femoral epiphysis and lasts about 6 months, 
= After the infarction, the child is usually asymptomatic, 
but a subchondral fracture subsequently develops in the 
necrotic bone and the hip becomes irritable (FIG 2). 
" A mild effusion develops and the femoral heal begins to 
lateralize in the acetabulum. 
" The hip becomes painful and adduction—flexion—external 
rotation contractures develop. 
= The first radiographic sign of removal of necrotic bone be- 
gins the fragmentation stage (resorption). 
= Gradually revascularization of the epiphysis begins, usu- 
ally at the anterolateral area of the epiphysis. 
" Over the ensuing months, the necrotic bone is removed, 
and the epiphysis may begin to deform, subluxate, and im- 
pinge on the margin of the acetabulum (hinged subluxation). 
" During the fragmentation stage, the height of the lateral pil- 
lar of the femoral epiphysis correlates with outcome and pre- 
dicts the chance of developing arthritis in adulthood (Table 1). 
= The first radiographic signs of new bone formation indicate 
the reossification stage. 
= About 12 to 14 months after the initial infarction, new 
bone begins forming in the epiphysis, usually at the antero- 
lateral margin. 


| Tablet | Lateral Pillar Classification* ° 


Loss of Height of the 
Lateral Column of the 


Group Femoral Epiphysis Prognosis 
A None Favorable 
B =50% of the original height Intermediate 
C >50% Poor 


" Once the anterolateral column of the epiphysis has reossi- 
fied, further epiphyseal deformity does not typically occur.*? 
" Reossification continues until the entire epiphysis is 
healed, which may take up to about 4 years. 
= The remodeling stage extends from the end of reossification 
until skeletal maturity. 
" The femoral epiphysis may improve in sphericity with 
continued growth. 
" Premature closure of the physis may cause limb shorten- 
ing or deformity of the femoral neck. 
=" Common deformities of the hip following Perthes disease in- 
clude coxa magna, coxa brevis (premature physeal closure), 
coxa irregularis (asphericity and incongruence of the hip with 
acetabular-femoral impingement), and osteochondral loose 
bodies.*-7° 
= Stulberg et al** classified hips into five groups that predict 
development of arthritis in adulthood (Table 2). 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Perthes disease may present in children as an acute or chronic 
ache, which is commonly felt in the area of the hip, thigh, or 
knee. There is often an associated limp and hip stiffness. 

= The ache is mild and usually presents immediately after get- 
ting up in the morning and after extended exercise, but it does 
not prevent walking. 

= An antalgic limp is observed in the first few weeks of the dis- 
ease, and then the gait may become a stiff pattern with flexion 
and adduction hip contractures. 

= The flexion—adduction hip contracture results in an appar- 
ent limb shortening, with dipping of the pelvis and a short 
stride length during ambulation. 

=" Muscle atrophy is often observed at the buttock, thigh, and 
knee. 

= Additional clinical signs include a positive Thomas test (hip 
flexion contracture) and a positive log-roll test (loss of internal 
rotation of the hip). 

=" Growth in height is decreased during the early stages but re- 
turns to normal after healing. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= The diagnosis is typically confirmed by anteroposterior and 
frog-leg lateral radiographs. 


Stulberg Classification of 
Hips in Perthes Disease? 


Group Description Prognosis 

| Normal Excellent 

lI Loss of height in the femoral neck andthe —__ Excellent 
femoral epiphysis remains spherical 

III Elliptical femoral epiphysis Arthritis in late 

adulthood 

IV Femoral head flattening and a congruent Early arthritis 
acetabulum 

V Flattened femoral head and an Early arthritis 


incongruent acetabulum 
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= Early in the disease (Waldenstr6m stage of necrosis), radi- 
ographs show: 
= Increased inferomedial joint space 
Lateral displacement of the femoral head*® 
Subchondral fracture*’ 
Increased epiphyseal density 
A small proximal epiphysis of the femur 
=" During the Waldenstr6m stage of resorption (fragmenta- 
tion), there is a gradual removal of the sclerotic necrotic bone 
and the femoral epiphysis may deform. 
" As healing progresses with reossification, the epiphysis re- 
turns to a normal density and the femoral neck widens. 
" The proximal femoral physis may close prematurely.* 
= If the radiograph is not diagnostic, a bone scan or magnetic 
resonance imaging usually confirms the bone necrosis. 
" The bone scan shows a cold area in the femoral epiphysis 
in the early stage of necrosis. 

With early revascularization (fragmentation stage of 
Waldenstrom), the scan will show the vascular ingrowth 
before radiographs. 

" Magnetic resonance imaging clearly demonstrates the ne- 
crotic epiphysis in the early stage of the disease; however, mar- 
row edema should not be confused with the area of necrosis. 

In the early stage, synovitis is observed, collapse and 
deformity of the cartilage of the epiphysis is usually 
clearly visible, and the degree of hinged subluxation 
(impingement) can be determined (FIG 3).‘” 

= In the fragmentation and reossification phases, vascular 
ingrowth is clearly visible. 
=" Computed tomography shows bone well and is most helpful 
to evaluate hip incongruity during the late stages of remodel- 
ing and during young adulthood. 
= Skeletal hand bone age is decreased during the first year of 
the disease. 


DIFFERENTIAL DIAGNOSIS 


= Toxic synovitis (irritable hip syndrome) 

= Infection, such as Lyme disease or tuberculosis 

= Avascular necrosis of known etiology such as sickle cell dis- 
ease, hemoglobinopathies, Gaucher disease, trauma, and 
steroid bone necrosis 





FIG 3 e Magnetic resonance image of the hip of a patient with 
Perthes disease showing lateral subluxation, synovitis, and 
acetabular—femoral impingement (hinged subluxation). 


Arthritis, such as rheumatic fever 

Multiple epiphyseal dysplasia 

Tumors, such as chondroblastoma, leukemia, and lymphoma 
Slipped femoral epiphysis (preslip stage) 


NONOPERATIVE MANAGEMENT 


=" Children less than 6 years of age without severe collapse of 
the femoral epiphysis have a good prognosis and do not re- 
quire operative treatment.* 

= Their pain can be treated with nonnarcotic analgesic med- 

ications and crutch walking. 

" Hip stiffness can be managed with physical therapy that 

emphasizes hip abduction, internal rotation, and extension. 
=" Children with necrosis involving less than 50% of the 
femoral epiphysis often have a good prognosis and operative 
treatment is often not necessary. 

= Children over 11 years of age may be an exception in that 

a femoral epiphyseal deformity may develop (segmental col- 

lapse) even with less than 50% involvement.'?:*%° 


SURGICAL MANAGEMENT 


= Indications 
" Necrosis of over 50% of the proximal capital femoral 
epiphysis 
= Age 6 to 11 years: Younger children often heal well with- 
Out operations and adolescents poorly remodel the femoral 
deformity. 
= Waldenstrom stages of necrosis or fragmentation. Ideally 
the operation should be performed before substantial defor- 
mity occurs to the capital femoral epiphysis. 
=" Mild subluxation of the hip with hinged impingement 
(acetabular—femoral impingement) 
Possible indications 
= Children over 11 years of age with mild femoral epiphy- 
seal collapse: These older children do not have adequate re- 
maining growth to remodel the femoral epiphysis. 
" Children younger than 6 years of age with marked col- 
lapse of the femoral epiphysis: Typically children below 6 
years of age heal well without treatment, but in severe cases, 
treatment may be indicated. 
" Patients with collapse of the epiphysis and hinged im- 
pingement: This operation may allow remodeling, but the 
outcome is less predictable. 
=" Contraindications 
" Subluxation that cannot be reduced into the acetabulum 
= Children less than 6 years of age (these patients heal well 
without treatment) 
= Necrosis less than 50% of the proximal capital femoral 
epiphysis (these cases typically heal well without treatment) 
=" Children who are too old to achieve acetabular 
overgrowth: Children over 11 years of age may get less 
benefit. 


Positioning 

= The patient is placed in the supine position with the in- 
volved hip elevated by a longitudinal roll under the shoulder 
and back. 

= The roll should not extend down to the hip area. 

= The entire leg and hip is prepared and draped sterile to the 
anterior midline, to the posterior midline, and to the inferior 
rib line superiorly. 
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Approach 


= The approach for the labral support procedure is between 
the tensor fasciae lata muscle and the sartorius and rectus 


femoris muscles. 

=" The dissection continues at the level of the anterior inferior 
iliac spine, beneath the origin of the gluteus minimus muscle 
(inferior gluteal line of ilium). 








ARTHROGRAPHY 


Arthrography is performed to verify reduction of the 

subluxation and acetabular—femoral impingement. 

With the arthrographic dye in the hip joint, the degree 

of femoral epiphyseal deformity and subluxation is ob- 

served with the image intensifier. 

The leg is then abducted and the area of hinge abduc- 

tion (acetabular-femoral impingement) is observed. 

= In many cases, the deformed femoral head will press 
against the lateral margin of the labrum and block 
the reduction of the femoral head into the acetabu- 
lum (TECH FIG 1A-C). 

The arthrographic dye will pool in the medial-inferior 

joint, and with additional attempted abduction of the leg, 

the lateral margin of the labrum will deform upward. 

=™ In these cases, an adductor muscle tenotomy is then 
performed through a medial adductor incision. 

Afterward, the leg is again abducted to determine the 

correction of the hinged abduction (ie, reduction of the 

weight-bearing surface of the femoral epiphysis within 

the acetabulum). 

The hip is considered to be reduced if the deformed part 

of the femoral head (weight-bearing area) is under the 





patient with Perth 
acetabulum as the 


= The triangular interval is developed: the iliac wing medially, 
the hip capsule inferiorly, and the gluteus minimus laterally. 

= With this approach, the origins of the abductor muscles are 
not elevated from the iliac wing, which we believe preserves 
the strength of hip abduction. 

= The reflected tendon of the rectus muscle is retracted later- 
ally and then used to secure the bone graft of the labral sup- 
port shelf.” 


lateral margin of the acetabulum (contained within the 
acetabulum), the medial dye pool is reduced, and the lat- 
eral margin of the labrum is not deformed. 
= If the hip reduces (TECH FIG 1D), proceed to operatively 
produce a bony shelf as described in the following 
section. 
= If the reduction is incomplete, a capsulotomy of the infe- 
rior aspect of the hip capsule can be performed through 
the same incision as used for the adductor muscle teno- 
tomy. Then the hip can again be tested to determine 
reduction. 
=" If reduction is achieved, proceed to operatively pro- 
duce a bony shelf as described in the following section. 
= If hip reduction cannot be obtained, | recommend the 
procedure be terminated and postoperatively the leg be 
placed in skin traction or a bilateral broomstick cast until 
a gradual hip reduction can be obtained. 
= This is achieved by the patient’s legs being progres- 
sively abducted in the ensuing postoperative days 
until complete reduction is accomplished. 
= The patient then returns to the operating room for 
continuation of the labral support shelf procedure. 





Cc 


TECH FIG 1 e A-C. Arthrograms of the hip of a patient with Perthes disease in 
which the leg is progressively abducted. The abnormal femoral head deforms the 
labrum with progressive abduction of the leg. D. AP radiograph of the hip of a 


es disease in which the femoral epiphysis is contained within the 
leg is placed in abduction. 


INCISION AND SUPERFICIAL DISSECTION 
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The incision starts at a point 1 cm inferior to the anterior 
superior iliac crest and extends laterally along the skin 
lines of Langer for about 3 cm (TECH FIG 2). 
The dissection continues with a Cobb periosteal elevator 
between the tensor fasciae lata muscle and the sartorius 
and rectus femoris muscles. 
=" The superior origins of the abductor muscles are not 
elevated from the outer wall of the iliac crest. | be- 
lieve that maintaining the abductor muscles attached 
to the outer wall of the iliac wing improves postoper- 
ative hip abduction power. 
With the periosteal elevator, a subperiosteal plane along 
the outer iliac wing about 3 cm wide is then developed 
beneath the gluteus medius and minimus muscles just 
above the hip. The image intensifier is useful to direct the 
periosteal elevator at a level of about 1 cm above the lat- 
eral margin of the acetabulum. 


DEEP DISSECTION 


An arthroscope is helpful for visualization during the re- 
mainder of the procedure. 

The subperiosteal plane is developed further along the 
outer iliac wing over the hip capsule from the anterior 
inferior iliac spine toward the sciatic notch. 

= Caution is taken not to injure the labral growth carti- 

lage of the acetabular margin. 

The tendon of the reflected head of the rectus femoris, 
which is adherent to the hip capsule, is retracted 








TECH FIG 2 e The bikini skin incision. 


laterally and preserved to be used later to support the 

bony shelf. 

The capsule is exposed with a periosteal elevator: anteri- 

orly to the level of the anterior iliac spine, posteriorly to 

the sciatic notch, and laterally about 2 cm. 

= While exposing the capsule, do not injure the lateral 
growth plate of the acetabulum. (The capsule may be 
thickened, but it is never thinned.) 


TROUGH CREATION AND GRAFT COLLECTION 


The level for the buttress shelf along the ilium is identi- 
fied as about 3 mm above the labral growth plate of the 
acetabular rim. This corresponds to the superomedial 
margin of the hip capsule insertion into the ilium, a po- 
sition that is verified with fluoroscopy by a metal marker 
(TECH FIG 3A). 
A trough is then developed at this level, as described by 
Staheli,'? by making a series of 1-cm-deep holes at the 
edge of the acetabulum using a 5/32-inch drill (TECH 
FIG 3B). 
= The holes should be directed upwardly about 20 de- 
grees and extended posteriorly and anteriorly suffi- 
ciently to provide the needed coverage. 
= Care must be taken not to damage the cartilaginous 
margin of the acetabular growth plate. 
An osteotome, narrow rongeur, or power burr (or a com- 
bination) is used to connect the holes to make a trough 
that is about 1 cm deep and angled cephalad about 
15 degrees. The floor of the trough is the subchondral 
bone of the acetabulum and should be level with the 
capsule (TECH FIG 3C). 


Autogenous bone graft is obtained from the previously 

exposed outer wall of the iliac wing, which is just superior 

to the trough and beneath the gluteus medius muscle. 

= The graft is typically about 1 <X 1 X 1.5 cm and is cut 
into three longitudinal strips. 





TECH FIG 3 « A. Intraoperative AP fluoroscopy image with 
the level of the labral support (shelf) identified with a medal 
marker. The proper level is just above the cartilaginous labral 
growth area. (continued) 
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CREATION OF THE SHELF 


Several absorbable sutures (usually three) are placed 
through the outer fibers of the hip capsule to be used 
later to secure the pieces of bone graft to the capsule. 
The leg is then placed in about 45 degrees of abduction 
and the deformed femoral head is again reduced into 
the acetabulum (contained), and this position is verified 
by the image intensifier. Caution: The femoral head must 
be contained within the acetabulum with no hinged sub- 
luxation, no deformity of the lateral labrum, and no 
impingement. 
The leg is held in abduction of 45 degrees, flexion of 15 
degrees, and neutral rotation through the remainder of 
the procedure (and as the spica cast is applied). 
Autogenous bone graft is placed over the capsule, with 
the strips of bone inserted medially in the trough and 
laterally under the reflected head of the rectus femoris 
tendon, and the sutures are tied around the strips of 
graft to hold them snugly to the capsule (TECH FIG 4A). 
The reflected head of the rectus femoris tendon is placed 
over the lateral aspect of the graft to add additional 
support. 
About 30 to 60 mL of donor allograft bone may be 
added above the labral support (shelf) to create a but- 
tress for additional support (TECH FIG 4B). 
The graft will appear extensive when visualized by the 
image intensifier. 
= The purpose of the shelf is to support the labrum and 
prevent the hip from anterolateral subluxation dur- 
ing reossification of the lateral column of the femoral 
epiphysis. 
™ Remember: The shelf is expected to resorb in about 
3 years because it is not expected to be weight bear- 
ing but only to act as a buttress with support of the 
acetabular labrum. 
The leg is held in abduction (as described earlier) with 
the femoral head in the reduced position as the incision 
is closed in layers. 


TECH FIG 3 e (continued) B. To begin creation of the 
trough, a line of upwardly inclined, 1-cm-deep holes is 
made where the rectus femoris tendon (now reflected) 
attaches to the acetabular margin. C. The holes are con- 
nected using a burr, osteotome, or narrow rongeur to 
create a slightly angled 1-cm-deep trough. An osteotome 
is then used to collect strips of cancellous and corticocan- 
cellous bone for the outer wall of the iliac wing. 


= The patient is placed in a one-and-one-half hip spica cast 
with the involved leg in abduction of 45 degrees, flexion 
of 15 degrees, and neutral rotation. 







Bone graft placed 
on top of shelf 


Sutures of shelf 
to capsule 


Shelf 





TECH FIG 4 e A. Two layers of autogenous bone graft strips are 
placed over the capsule, one with the strips inserted lengthwise 
and the other with the pieces laid side by side widthwise. The 
strips of bone are inserted medially in the trough and laterally 
under the reflected head of the rectus femoris tendon. Strong, 
nonabsorbable sutures are used to anchor the graft into the 
capsule, and additional morselized bone graft is placed on top 
of the created shelf. B. AP arthrogram of the hip of a patient 
with Perthes disease in whom the femoral epiphysis and 
labrum is supported by a labral support (shelf) procedure. 
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PEARLS AND PITFALLS 





Small procedure without 


internal fixation support (shelf). 
Walking in the cast 


No permanent deformity 


= An arthroscope is helpful to visualize the dissection and placement of the labral 


= Children can walk in the cast as soon as the postoperative pain resolves. 
= The procedure does not cause a permanent deformity of the femur or acetabulum, and 


there is no impingement from the graft since the labral shelf resorbs in about 3 years 


postoperatively. 
Containment of the hip 


= The femoral head must be contained within the acetabulum with no hinged subluxation, no 


deformity of the lateral labrum, and no impingement. 


Do not damage the labral 
growth plate of the 
acetabulum. 


= The buttress shelf is placed on the outer iliac wing above the labral growth plate of the 
acetabulum. The graft functions only as a buttress to prevent resubluxation of the femoral 
epiphysis until the lateral column reossifies. The graft is not expected to be weight bearing 


and is expected to resorb after about 3 years. 


Hip motion 


POSTOPERATIVE CARE 


= The cast, subsequent abduction contracture, and an abduc- 
tion hip pillow at night offer initial containment. Later the 
labral support (shelf) acts as a buttress for the labrum to pre- 
vent resubluxation and hinging of the hip until the lateral col- 
umn of femoral epiphysis reossifies. 

= The cast is maintained for 6 weeks and the child is allowed 
to walk in the cast as soon as postoperative pain resolves. 

=" When the cast is removed, the patient is allowed to 
walk with “toe touch” crutch weight bearing for an addi- 
tional 4 weeks and then allowed full ambulation without 
support. 

=" An abduction contracture of the hip is expected to persist 
additionally for about 6 weeks after cast removal. 

=" During the month after cast removal, an abduction hip pil- 
low is used at night. 

= Exercises of the hip are encouraged to maintain flexion, ex- 
tension, and abduction; adduction is not encouraged for at 
least 6 to 8 weeks after the cast is removed. 

= Abduction exercises of the hip to maintain at least 45 de- 
grees abduction are continued until reossification of the lateral 
column of the femoral head. 





=# Maintain good hip abduction after cast removal. 


OUTCOMES 


" Domzalski et al®° reported the results of 49 consecutive 
patients treated by the labral support (shelf) procedure for 
Perthes disease. 
" The procedure has a combined effect to prevent subluxa- 
tion, to stimulate additional growth of the lateral rim of the 
acetabulum in a vertical dimension, and to provide tempo- 
rary osseous containment until the shelf resorbs with time in 
a manner that is beneficial for preventing impingement of 
the femoral neck and greater trochanter on the shelf (FIG 4). 
= Willett et al?” reported the results of 20 children treated by 
a lateral shelf acetabuloplasty and recommended its use in 
children over 8 years of age with Perthes disease of Catterall 
groups II, III, and IV. 
=" Van der Heyden and van Tongerloo** reported on 25 pa- 
tients with Perthes disease who were treated by a shelf proce- 
dure and had good or excellent results. 
=" Other authors have also reported encouraging results with 
similar labral support (shelf) procedures,>:771°-1%7":7° but to 
my knowledge there has been no controlled, prospective, and 
randomized study comparing this procedure to other methods 
of treatment. 





FIG 4 e AP radiographs of the hip of a patient with Perthes disease in whom the deformed 
femoral head was treated by a labral support (shelf) procedure. There is remodeling of the 
femoral epiphysis, widening of the acetabulum, and resolution of the shelf. 
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COMPLICATIONS 


= Infection 

" Injury of the labral growth cartilage, which prevents growth 
stimulation of the acetabulum 

Displacement of the labral support (shelf) bone graft 
Improper placement of the labral support (shelf) 
Neurovascular injury 

Cast problems 
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DEFINITION 


= Triple innominate osteotomy (TIO) is a surgical procedure 
that includes osteotomy of the ilium, ischium, and pubis, al- 
lowing rotation of the acetabulum around the femoral head 
(FIG 1). This greater freedom of rotation allows it to be used 
in cases (more severe dysplasia, older children) when the Salter 
innominate osteotomy would not provide enough rotation to 
cover the femoral head. 

= Because the procedure does not damage the triradiate carti- 
lage, it can be used in skeletally immature patients without the 
risk of disrupting acetabular growth. Acetabulum size is main- 
tained and redirected around the femoral head; the volume of 
the acetabulum remains constant but the weight-bearing sur- 
face is increased with improved femoral head coverage. 

= The TIO, often used for severe dysplasia, has the advantage 
of maintaining hyaline cartilage contact between the femoral 
head and acetabulum. This is in contrast to other procedures 
sometimes used to correct severe hip dysplasia or instability 
(shelf procedure, Chiari osteotomy) that must rely on repair 
tissue (fibrocartilage) to maintain a joint surface. 

= TIO is most commonly used for correction of acetabular 
dysplasia. Dysplasia may be a primary disorder or may result 
from incomplete treatment of developmental dysplasia of the 
hip (DDH); it is also seen as a result of neuromuscular condi- 
tions such as cerebral palsy, myelomeningocele, Down syn- 
drome, and Charcot-Marie-Tooth syndrome. 

= TIO is also used to improve coverage and containment of a 
malformed femoral head, and for a combination of acetabular 
and femoral head deformities. Patients with Legg-Calvé- 
Perthes disease (Perthes disease), avascular necrosis (AVN), 
epiphyseal dysplasia, or an irregular femoral head resulting 





FIG 1 © Triple innominate osteotomy allows rotation of the en- 
tire acetabulum around the femoral head without damage to 
the triradiate cartilage in the skeletally immature child. 
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from a previous septic hip may also have poor femoral head 
coverage or dysplasia and benefit from TIO. 


ANATOMY 


= The acetabulum is formed by the ilium, ischium, and pubis, 
which in the immature pelvis are joined by the triradiate growth 
cartilage (FIG 2A,B). This complex, triflanged growth center al- 
lows the acetabulum to grow properly, providing a deep, stable 
hip joint. Injury to the triradiate cartilage by either fracture or 
an inappropriate acetabular osteotomy can alter the normal 
growth process, leading to hip dysplasia and subluxation. 
=" The femoral head should be covered by the roof of the ac- 
etabulum. 
" The center-edge angle of Wiberg (angle between a line 
from the center of the femoral head to the lateral edge of the 
acetabular roof, and a vertical line drawn through the cen- 
ter of the femoral head) should be more than 25 degrees 
(FIG 2C). 
= Lateral subluxation of the femoral head can be measured 
as the percentage of the femoral head not covered by the ac- 
etabulum. 
" The acetabulum should be concave with a transverse 
sourcil (“eyebrow” in French) that turns down around the 
femoral head. Patients with hip dysplasia frequently have a 
very flat acetabulum with an upturned sourcil. This results 
in shear forces on the joint, leading to early degenerative 
joint disease. 
=" The normal hip joint has a spherical femoral head that is 
congruent with a well-formed acetabulum. 
= Sphericity of the femoral head can be measured with 
Mose templates (concentric circles), 
" Deformity in Perthes disease or AVN can be measured as 
a percentage of the femoral head (lateral pillar) that has col- 
lapsed when compared to the contralateral side.”'° 
=" Conditions that change femoral head sphericity lead to 
abnormal hip development and increased wear patterns 
within the joint (FIG 2D), 


PATHOGENESIS 
Hip Dysplasia 


=" The high concordance between twins and studies noting that 
babies with parents or siblings with dysplasia have a much 
higher DDH incidence than the general population confirm a 
genetic component. 

=" Mechanical factors also contribute to the risk for dysplasia. 
First babies and babies that are large have a higher risk, 
thought to be secondary to inadequate space in the uterus dur- 
ing development. Hip dysplasia is also commonly associated 
with torticollis and metatarsus adductus, with each of the 
three abnormalities thought to be a “packaging” problem. 

= ‘There also appears to be a hormonal component, as girls and 
babies with increased laxity are at higher risk of hip dysplasia. 
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FIG 2 « Lateral (A) and medial (B) view 3D CT scans of an immature acetabulum with femur subtracted show that the 
triradiate cartilage is a growth center of the acetabulum that contributes to the ilium, ischium, and pubis. C. The cen- 
ter-edge (CE) angle of Wiberg is the angle created by a vertical line through the center of the femoral head and a line 
from the lateral edge of the acetabular roof to the center of the head. The normal hip on the left has a CE angle of 35 
degrees; the dysplastic hip on the right has a CE angle of 15 degrees. D. Loss of sphericity of the left femoral head 
after reossification of Perthes disease has led to a noncongruent joint (left hip). 


Legg-Calvé-Perthes Disease 


=" The cause of Perthes disease remains obscure, and it still can 
be thought of as idiopathic AVN of the hip in childhood. 

=" A few studies have shown a possible association between 
passive smoking and Perthes disease.”'° 

=" Others have postulated that a deficiency in protein C leads 
to a hypercoagulable state, with thrombosis triggered by pro- 
thrombotic insults such as passive smoking.’ 

=" Because most Perthes patients have a delayed bone age, 
some have suggested that Perthes may represent a form of epi- 
physeal dysplasia. Delayed skeletal maturation is a routine 
finding in a typical Perthes case. The delay in maturation of 
the femoral head preossific nucleus may not adequately pro- 
tect the vessels that ascend the femoral neck to the epiphysis, 
predisposing to AVN. 


NATURAL HISTORY 

Hip Dysplasia 

=" Untreated hip dysplasia is the leading cause of premature 
hip arthritis that results in early total hip replacement. 
Abnormal sheer stresses on the hip lead to early osteoarthritis 
(OA), and the more severe the dysplasia, the more likely the 
development of arthritis. 


Legg-Calvé-Perthes Disease 


= The natural history for younger patients (under age 8 years 
at onset) and patients with milder disease (Herring A classifi- 
cation) is more benign, with minimal long-term disability. 

=" Children who are older at onset and who have more severe 
disease (Herring B or C classification) are more likely to de- 
velop femoral head deformity, which predisposes to early OA. 


Hip Dysplasia 

Acetabular dysplasia is often asymptomatic in childhood 
and adolescence. 

Patients may have decreased abduction on examination, or 
pain with internal rotation of the hip. When they are present, 
symptoms are likely due to increased shear stresses, to labral 
damage, and later to OA. 

The pain is usually groin pain rather than lateral or 
trochanteric pain. 


Legg-Calvé-Perthes Disease 


The disease may present as hip or knee pain. 

Early pain may be episodic. 

Patients with severe disease have may have subluxation and 
more severe pain. 

A Trendelenburg gait is often noticed. 

Decreased abduction can be mild or severe. 
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A marked loss of abduction with the hip in the fully ex- 
tended position (pelvis rotates rather than hip abducting) sug- 
gests hinge abduction and is a poor prognostic sign. 


Anteroposterior (AP) plus frog-leg lateral plain radiographs 
provide two orthogonal views of the femoral head. However, 
to get two views of the acetabulum, a false profile radiograph 
should be taken in addition to the AP view. Both hips should 
always be imaged to allow comparison ( ). 

A dynamic arthrogram is the best way to determine the func- 
tion and motion of the joint, since it allows visualization of the 
labrum and impingement of the femoral neck on the labrum or 
acetabulum. We advise a surgeon-performed arthrogram to eval- 
uate the hip deformity and to assess for hinge abduction as well 


as the desired limb position after surgical correction ( ). 
Three-dimensional CT scans with reconstructions provide a 
better understanding of pathologic bony anatomy ( ). 


MRI with arthrogram helps to evaluate the labrum and joint 
space ( ). 








FIG 3 e A,B. AP and frog-leg lateral radiographs of the pelvis show two views of the proximal 
femur but not of the acetabulum. C. To get another view of the acetabulum, a false profile view 
is obtained. Arthrogram (D) shows impingement in the abduction view (E). F. 3D CT scan clearly 
shows some dysplasia plus subluxation of the left hip. G. An MRI is the best study for evaluating 
labral tears (superolateral labral tear shown). 
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DIFFERENTIAL DIAGNOSIS 


=" Dysplasia secondary to DDH 

=" Dysplasia secondary to neuromuscular disease (eg, cerebral 
palsy, myelomeningocele, Charcot-Marie-Tooth disease) 

=" Dysplasia, subluxation secondary to syndromes (Down 
syndrome) 

=" AVN secondary to Perthes disease 

=" AVN secondary to steroid use, chemotherapy, metabolic 
disruption, infection, sickle cell disease 

=" Epiphyseal dysplasia with poor femoral head coverage 


NONOPERATIVE MANAGEMENT 

Hip Dysplasia 

=" From infancy to childhood (up to 18 months of age), if the 
hip is located within a dysplastic acetabulum, a Pavlik harness 
or abduction orthosis can be worn to treat the dysplasia. 

=" From age 18 months to 5S years, abduction bracing has not 
been found to predictably improve dysplasia, although night- 
time brace use is occasionally recommended. Most advise 
monitoring during this period with hope that the acetabular 
growth centers will mature and correct the dysplasia.! 

= Older children with hip dysplasia are typically asymptomatic 
until the hip begins to have degenerative changes or a labral tear. 
Anti-inflammatory medications and activity modification can be 
used to decrease pain, but these do not correct the underlying 
problem and by masking symptoms may delay surgical correc- 
tion. Therefore, medications should not be used for more than a 
short time. Instead, surgical correction should be performed to 
cover the femoral head and restore normal biomechanical forces. 


Legg-Calvé-Perthes Disease 


= Children younger than 8 years and patients with hips classi- 
fied as Herring A can be treated conservatively with pre- 
dictable results. 
= Conservative treatment includes: 
" Activity modification and observation 
= Abduction exercises 
= Abduction bracing 
" Percutaneous adductor longus lengthening followed by 
Petrie casting or bracing to maintain abduction (FIG 4) 





FIG 4 e Petrie casts, which provide containment of the femoral 
head, are often used in patients with Perthes disease before 
triple innominate osteotomy or occasionally for nonoperative 
treatment. 


=" Older children and those with Herring B and C hips re- 
quire prolonged Petrie casting (rarely practiced) or surgical 
containment. 


SURGICAL MANAGEMENT 


General Principles 
Hip Dysplasia 


=" Children under age 5 years can be treated nonoperatively 
unless the hip is dislocated and requires open reduction, or the 
dysplasia is very severe. 

= Patients age 5 to 10 can be treated with an acetabular redi- 
recting osteotomy that bends through the triradiate cartilage 
(Pemberton osteotomy, Chap. PE-71) or rotates through the 
pubic symphysis (Salter innominate osteotomy, Chap. PE-70). 
=" From the age of about 10 years until triradiate cartilage clo- 
sure, a [IO is preferred for correction of dysplasia. 

=" Once the triradiate cartilage closes, TIO can still be per- 
formed, but a periacetabular osteotomy may be preferred be- 
cause the posterior column remains intact, allowing earlier 
weight bearing.” 


Legg-Calvé-Perthes Disease 


=" Perthes disease can be treated nonoperatively in young 
children. 

=" Children older than 8 years or with more severe disease can 
be treated with a variety of surgical procedures aimed at con- 
taining the capital femoral epiphysis during the phase of re- 
ossification when the biologically plastic femoral head is at 
risk for subluxation, hinge abduction, and the development of 
permanent femoral head deformity. 

= The simplest surgical treatment is adductor lengthening fol- 
lowed by Petrie casting or bracing. This can be used alone for 
very mild cases, or in preparation for containment surgery. 
Adductor lengthening and Petrie casting improves mobility of 
the hip and returns the hip to a more congruous, contained po- 
sition, beginning the remolding process that surgical contain- 
ment will continue. 

=" Formal containment procedures include varus proximal 
femoral osteotomy (see Chap. PE-27) designed to direct the 
capital femoral epiphysis into the acetabulum. 

= A Salter innominate osteotomy can also be performed, but 
Rab** has clarified that the degree of acetabular rotation 
achieved with the Salter procedure is often not enough to 
cover the femoral head in more severe Perthes disease. A com- 
bined femoral and Salter procedure may be a better choice. 

=" TIO, which rotates the entire acetabulum around the 
femoral head, allows containment in more severe cases while 
avoiding the problems of femoral osteotomy (limp, limb short- 
ening). This procedure has the benefit of maintaining hyaline 
cartilage surface-to-surface contact (as compared to the shelf 
or Chiari procedure). 

= A shelf (labral support) osteotomy or Chiari procedure may 
be a better choice for a severely deformed femoral head that 
cannot be congruently centered in the acetabulum. With these 
procedures, contact between the hyaline (head) and hyaline 
cartilage (acetabulum) is partially sacrificed. 


Preoperative Planning 


Hip Dysplasia 
=" Radiographs and a 3D CT scan (if available) help in better 
understanding the nature and location of the acetabular 


deficiency. Typical dysplasia patients have an anterolateral 
deficiency. Children with neuromuscular disorders such as 
cerebral palsy, due to muscle imbalance around the hip 
joint and flexion contracture, often have a posterior 
deficiency.4*!*!? 

=" Once the amount and direction of dysplasia have been de- 
termined, acetabular rotation can be planned. 

=" Overrotation of the acetabulum should be avoided, as this 
can cause anterolateral impingement, which may hasten de- 
generative changes. 

" Also, external rotation of the acetabulum should be avoided 
to prevent the creation of acetabular retroversion (which in it- 
self can predispose to hip arthritis). 


Legg-Calvé-Perthes Disease 


= A preoperative dynamic arthrogram is the best study for un- 
derstanding how to best contain the femoral head. We per- 
form an arthrogram and percutaneous adductor lengthening 
followed by Petrie casting (for 6 weeks) before definitive con- 
tainment surgery. 

Positioning 

= The patient is positioned supine on a radiolucent table. A 
Foley catheter can be considered to minimize any risk for blad- 
der injury with the pubic ramus cut. This is advised for a sur- 
geon’s initial cases but is often not needed once experience has 
been gained. 

= A sandbag bolster is placed under the trunk to tip the pa- 
tient toward the opposite side, giving better exposure of the 
hip laterally. The bolster should not be placed directly behind 
the pelvis because it often distorts the image intensifier views. 
= The leg is draped free and the abdomen is prepared past the 
midline medially, to just below the nipple level superiorly, and 





ILIAC OSTEOTOMY 


= An 8- to 10-cm Salter-type incision is made 1 cm below 
the iliac crest (TECH FIG 1A,B). 
= The cartilaginous iliac crest apophysis is split, starting 
at the anterior superior iliac spine and continuing 
posteriorly for 6 to 8 cm. 
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FIG 5 e Patient position on operating table for triple innomi- 
nate osteotomy. 


around the buttock posteriorly—the ischial tuberosity must be 
kept in the surgical field (FIG 5). 

= The C-arm and screen of the image intensifier are positioned 
to allow a clear view for the surgeon. 


Approach 


= TIO can be performed through two or three incisions. Using 
three incisions allows more precise exposure for each os- 
teotomy cut, especially in larger patients. 
" The first incision is below the iliac crest as for a Salter os- 
teotomy. 
= The second incision is distal to the groin crease, slightly 
below the superior pubic ramus, lateral to the adductor 
longus tendon origin and medial to the neurovascular bun- 
dle. The pubic osteotomy is performed through this incision 
with the ischial osteotomy also possible with posterior ex- 
tension of the incision. 
" The third incision (if the surgeon chooses a three-incision 
approach) is longitudinal, distal to the gluteal crease, and just 
medial to the ischial spine with the hip flexed to 90 degrees. 


With care, this cartilage splitting can be carried 
anteriorly down to the anteroinferior iliac spine 
(TECH FIG 1C). 


Both sides of the iliac wing are exposed subperiosteally 
down to the sciatic notch using a Cobb periosteal elevator. 


Specially designed Rang retractors (Jantek 
Engineering, Paso Robles, CA) can be placed in the 





TECH FIG 1 « A. The first cut is the iliac cut. B. The incision is made just below the iliac crest as 
for a Salter osteotomy. C. The iliac crest apophysis is split to expose the medial and lateral as- 
pects of the ilium down to the sciatic notch. (continued) 








PSOAS INTRAMUSCULAR LENGTHENING 


Section VIII HIP 





sciatic notch to improve exposure (TECH FIG 1D), and 
a Gigli flexible wire saw is passed through the notch 
(TECH FIG 1E). 
The iliac osteotomy is then performed by bringing the 
Gigli saw anteriorly through the ilium, exiting at a 


At the distal end of the Salter incision, the structures are 
retracted on the medial side of the pelvic brim. The ilio- 
psoas muscle is identified and rotated to expose the 
psoas tendon, which lies posterior and medially in rela- 
tion to the muscle mass of the iliopsoas. 

Because the femoral nerve lies just anterior to the psoas 
muscle, care should be taken to identify the psoas ten- 


PUBIC OSTEOTOMY 


Earlier descriptions of TIO technique advised that the su- 

perior pubic ramus (TECH FIG 2A) be cut from the an- 

terolateral Salter incision. 

= We initially used this but then changed to a separate 
medial incision, which makes exposure very easy and 
avoids risk to the neurovascular bundle (due to overre- 
traction with the anterolateral approach; TECH FIG 2B). 

For the three-incision technique, a 2- to 3-cm transverse 

incision (parallel to the inguinal ligament) is made just 

lateral to the adductor longus and 1 cm distal to the 

groin crease. 

= For the two-incision technique, this incision would 
subsequently be extended medially and distally to 
allow exposure of the ischium. 

The pectineus muscle is identified just lateral to the ad- 

ductor longus origin and is partially elevated off the supe- 

rior pubic ramus. The saphenous vein, which often crosses 

the field, should be maintained and retracted laterally. 

=" The ramus is identified and Hohmann retractors are 
placed above and below the pubis extraperiosteally 
(TECH FIG 2C). 





TECH FIG 1 « (continued) D. Rang retractors are 
placed in the sciatic notch to facilitate passing 
the Gigli saw. E. A Gigli saw (arrow) is passed 
through the sciatic notch and is brought 
through the ilium to create the osteotomy. 


point just above the anteroinferior iliac spine. In older, 
larger patients, we make this cut slightly more proxi- 
mal than in a Salter osteotomy, which allows room to 
place a temporary Schanz screw to guide the acetabu- 
lar segment. 


don. A right-angled hemostat is placed around the ten- 
don and the tendon is sectioned, leaving the muscle belly 
intact. This allows an intramuscular lengthening. 

The Salter incision can now be packed with a damp 
sponge and the wound edges pulled together with a 
towel clip while the other osteotomies are completed. 


The extraperiosteal approach allows easier periosteal 

sectioning since the periosteum is strong in this area and 

may prevent movement of the pubic segment of the 

acetabuloplasty. 

Care must be taken to avoid the obturator nerve, which 

courses just below the superior ramus. 

= Those new to the operation might be advised to 
begin with a subperiosteal approach to the pubic 
ramus. 

Fluoroscopy is used to confirm Hohmann retractor place- 

ment before making the osteotomy (TECH FIG 2D). The 

closer the surgeon is to the acetabulum, the easier it will 

be to rotate the acetabulum. 

Once position is confirmed, a narrow rongeur or os- 

teotome can be used to make a slightly oblique os- 

teotomy of the pubis. The cut can be angled slightly to 

allow subsequent superomedial acetabular displacement. 

=" If arongeur is used (the safest methoa), the bits of ex- 
cised bone should be maintained and returned to the 
osteotomy site to avoid the risk for pseudarthrosis. 
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TECH FIG 2 « A. The second cut is through the superior pubic ramus. B. The incision for the pubic cut is made 
distal to the groin crease. S.P.R., superior pubic ramus; /.T., ischial tuberosity. C. After elevating the medial 
border of the pectineus off the pubic ramus, Hohmann retractors are placed above and below the pubis ex- 
traperiosteally. D. Intraoperative radiograph showing appropriate site for pubic osteotomy. 


ISCHIAL OSTEOTOMY 


The three-dimensional nature of the ascending ischium, 
buried deeply in muscle, is not easy to comprehend. 
When first performing this procedure, the surgeon 
should have a skeletal model of the pelvis in the operat- 
ing room and the circulating nurse should hold it for him 
or her to inspect as needed. The proximity of the ischial 
spine to the sciatic nerve must be appreciated. 
=" One error that we have seen is palpation of a deep 
bony prominence, thought to be the ischial spine, 
which was in fact the greater trochanter. The hip 
should be kept rotated internally to avoid this error. 


Two-Incision Technique 


Through the adductor incision, blunt dissection is carried 
out subcutaneously down to the ischial spine. 

The electrocautery is used to take down the posterior 
portion of the adductor magnus muscle origin just ante- 
rior to the proximal origin of the hamstrings. 

The ischial tuberosity is identified and then an initial 
sharp Hohmann retractor is placed inside the obturator 
foramen. 


A Cobb elevator is then used to clear the ischium up to 

its origin just below the acetabulum. 

Blunt Hohmann retractors are then placed extra- 

periosteally around the ischium, with one retractor in 

the obturator foramen and the other lateral to the 

ischium. 

= Using a mallet to tap a blunt Hohmann into these 
spaces makes it easier (helps to safely elevate 
the thick periosteum and tendon origins; TECH 
FIG 3A,B). 

= This is a very deep exposure, and the neophyte will be 
surprised at the depth of the ascending ischium. 

Finally, a third Hohmann retractor (sharp) is driven into 

the ischial bone just below the acetabulum to allow eas- 

ier superior retraction (TECH FIG 3C). 

=" Thus, there are a total of three Hohmann retractors— 
one medial, one lateral, and a sharp-tipped tapped 
into the bone proximally. 

Fluoroscopy is used to check position. The ischial cut 

should be just below but not in the acetabulum (about 1 

cm below the lower end of the “teardrop”). 
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TECH FIG 3 « A. The third cut is the ischial cut. B. Two Hohmann retractors are placed around the is- 
chium. Tapping the retractors with a mallet helps to get them positioned. C. A third sharp Hohmann is 
driven into the ischium in the proximal end of the wound (just below the acetabulum) to help with re- 
traction. The osteotome can then be introduced. D. When the osteotome enters the posterior cortex, 
it is rotated medially to displace the ischium. 


= Once position is confirmed, a rongeur can be used to 
start the osteotomy, creating a groove for the osteotome 
to prevent the osteotome from slipping. 
= Along straight osteotome is then inserted and used to 
complete the osteotomy. 
=" To encourage proper displacement of the osteotomy, 
the large wooden handle of the osteotome is used to 
radically rotate the acetabular segment medially be- 
fore the osteotome is withdrawn. This begins the 
desired medial displacement of the ischium (TECH 
FIG 3D). 
= Using a very long (about 20 inch) wooden-handled 
osteotome makes this essential rotational maneuver 
easier. 


Three-Incision Technique 


= The hip is flexed to 90 degrees and a third incision is 
made longitudinally in the buttock just distal to the 
gluteal crease and medial to the ischial tuberosity (TECH 


FIG 4). TECH FIG 4 « If a third incision is to be used, it is made just 
= Otherwise the technique is identical to that noted above. proximal to the gluteal crease, medial to the ischial spine. 
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ROTATION OF THE ACETABULUM 


The packing sponges are now removed from the Salter 
incision. A temporary Schanz screw is placed in the ac- 
etabular segment just above the hip joint to use as a han- 
dle to guide acetabular positioning (TECH FIG 5A). 

A long ballpoint pusher is placed in the superior pubic 
ramus just lateral to the pubic cut and impacted into the 
bone (TECH FIG 5B,C). This is pushed upward and in- 
ward while the Schanz screw is levered downward and 
laterally to rotate the entire acetabulum around the 
femoral head. 

A Cobb elevator is placed in the Salter (iliac) cut and ro- 
tated to encourage lateral positioning of the acetabular 
fragment in the coronal plane. Care must be taken not to 
externally rotate the acetabular segment (this is easy to 
do in atriple osteotomy and will cause undesired acetab- 
ular retroversion). 

To avoid undesirable external rotation, Salter’s advice 
that “even after the osteotomy the anterior superior and 


anterior inferior iliac spines should remain aligned” 

should be adhered to as well when a triple osteotomy is 

performed. 

Through the Salter incision, a wedge of bone is removed 

from the iliac crest using an oscillating saw (TECH FIG 

5D). The base of the wedge should be fashioned to fit 

tightly in the gap of the iliac osteotomy (TECH FIG 5E). 

" This triangular graft is only about half as large as ina 
Salter osteotomy for the same-size patient since a 
good deal of the rotation should have occurred in the 
pubic and ischial cuts. 

The osteotomy is first fixed with temporary, sturdy 

smooth Kirschner wires (TECH FIG 5F). 

Acetabular position is checked with fluoroscopy to con- 

firm the amount of coverage that has been obtained. 





TECH FIG 5 « A. A Schanz screw is placed just above the hip (arrow); it can be used as a lever to help rotate the acetabulum. 
B. A ballpoint pusher can be used to push the pubic portion upward and inward while the Schanz screw levers the superior 
acetabulum anterolaterally. C. Fluoroscopic image showing ballpoint pusher (white arrow) and Schanz screw (black arrow). 
D,E. Bone graft is taken from the iliac crest and fashioned to fit into the iliac osteotomy. F. The osteotomy is temporarily fixed 
using smooth Kirschner wires to confirm position with fluoroscopy before final screw fixation. 
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4.5-mm fully threaded screws can be inserted from the 

iliac crest across the bone graft and into the superior ac- 

etabular bone. 

Using fully threaded screws minimizes the tendency for 

loss of correction that can occur when a partially threaded 

screw is tightened too much, overcompressing the graft 

and pulling the acetabular edge upward. Instead, the 

screws should stabilize and maintain some distraction. 

We use two or three screws to adequately fix the acetab- 

ular fragment. 

= Threaded Kirschner wires can be used in smaller pa- 
tients in whom the bone may not be thick (strong) 
enough to hold the 4.5-mm screw. 

™ We prefer screws because later removal is easier. 


WOUND CLOSURE 


All of the incisions are thoroughly irrigated. 

The iliac crest apophysis is reapproximated and closed 
with a running absorbable suture. Hemovac drains are 
placed in the Salter, pubic, and ischial incisions. 

The incisions are then closed in layers with absorbable 
suture. 


PEARLS AND PITFALLS 


In older, larger patients, we often place a single screw 
from medial to lateral across the pubic osteotomy to pre- 
vent further rotation of the acetabular fragment or 
nonunion of the pubis (TECH FIG 6A). 

A second method for pubic ramus fixation includes a 
screw on either side of the pubic cut pulled together 
with a 20-gauge wire (TECH FIG 6B). 

Any remaining bone graft fragments can be packed into 
the pubic and ischial osteotomies to prevent nonunion. 


TECH FIG 6 e A. The pubic osteotomy can be fixed with 
a single screw. B. The pubic osteotomy can also be fixed 
with two screws and a tension wire. 


Sterile dressings are applied. In most cases, a single hip 
spica is applied. 

If both iliac and pubic fixation is secure in a cooperative 
patient, we sometimes use a removable bivalve plastic 
"spica-type” orthosis (made before surgery) or trust the 
patient with no immobilization (rare). 





Intraoperative fluoroscopy 


Acetabular positioning 


= The surgeon must remember that the patient has a bump to slightly elevate the operative side, and 


fluoroscopy needs to accommodate for this tilt: the pelvis is not parallel to the floor. Before rotat- 
ing the acetabulum, it is helpful to position the machine to get a good AP view of the pelvis with 
symmetric teardrops; do not try to calculate the acetabular segment position from an oblique fluo- 


roscopic image. 


= Proper rotation of the acetabulum is the most important part of this procedure. Overrotation ante- 


riorly will produce anterior impingement, which is indicated by a crossover sign on the radiograph 
and an overly prominent ischial spine (FIG 6A) overrotation laterally can produce lateral impinge- 


ment or hinge abduction. 


= We have developed several standards to help us evaluate acetabular rotation on radiography or 


fluoroscopy (FIG 6B). 


Ischial Spine 


. 
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FIG 6 © A. This acetabulum has been rotated too far anteriorly and laterally. Note the prominent ischial 
spine and crossover sign. B. Radiographic features of an ideal TIO. A: The acetabular segment if the ilium 
should be positioned 8 to 10 mm lateral to the inner wall of the ilium above. B: The acetabular segment of 
the pubis should be displaced slightly superior and medial. C: About 50% stepoff of the ischial cut with the 
proximal portion. D: Teardrop is angled about 20 degrees (vertical before rotation). E: The ischial spine 
should be only a little (if any) more prominent than on the opposite side. F: The sourcil is in a transverse 


position. 


Fixation 


= In smaller children, threaded pins can be used instead of screws. It is important to have at least 


three points of fixation in the ilium to prevent postoperative motion and rotation. 


Loss of rotation 


= If the osteotomies are not well fixed, or weight bearing is started too early, the acetabulum may 


change position, leading to overcorrection (protrusio-like) or loss of correction. 


Nonunion 


= We have experienced both pubic and ischial nonunions in older children. To prevent this we often 


add a pubic ramus screw and replace any excised bone back into the osteotomy sites. 


Implant removal 


= The iliac crest will grow over the screw heads or tips of the threaded pins if they are flush with the 


crest. Leaving the implants slightly prominent or attaching a nonabsorbable suture to the screw 
head on one end and to the subcutaneous tissues on the other facilitates later implant removal. 


POSTOPERATIVE CARE 


=" We recommend a single-leg spica cast for 6 weeks followed 
by partial weight bearing with crutches for an additional 4 
weeks. If adequate bone healing is noted on radiography, ac- 
tivity can then be advanced as tolerated. 

= Physical therapy may be useful for regaining abductor 
strength and motion. 

= The fixation screws can be removed 6 to 12 months post- 
operatively (if you elect to remove them). Whether the screw 
presence will hinder or compromise a later total hip replace- 
ment remains unclear. Clearly, femoral implants should be 
removed, but some consider acetabular screw removal less 
important. We lean toward removal of all implants from the 
hip in these patients, as they may require a later total hip re- 
placement. 


OUTCOMES 


=" As TIO is most commonly used for late juveniles, adoles- 
cents, and young adults, very long-term follow-up studies 


are required to evaluate function over a lifetime, with 30 to 
60 years of follow-up. 
" Unfortunately, these long-term studies have not yet been 
done. There are several studies that look at short- to medium- 
term results. 
= Guille et al® reported more than 10 years of follow-up on 
11 patients aged 11 to 16 with symptomatic hip dysplasia 
treated with TIO. Ten hips improved radiographically, 
eight improved functionally, and one required total hip 
arthroplasty. 
= Faciszewski et al’ followed 56 hips in 44 patients that un- 
derwent TTO for 2 to 12 years. Improvement in pain and func- 
tion was considered good in 53 hips. Three hips were consid- 
ered failures. 
= Peters et al*” evaluated 60 hips in 50 patients undergoing 
TIO. At an average 9-year follow-up, 12 (20%) hips had been 
converted to total hip arthroplasty and 4 (7%) hips had inca- 
pacitating pain. Radiographically, there was significant im- 
provement in the center—-edge angle of Wiberg and the acetab- 
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ular angle of Sharp. There also was a statistically significant 
relationship between failure of the osteotomy and severity of 
pre-existing hip arthrosis. 
=" When evaluating any procedure, it is important to evaluate 
the quality of each individual procedure, which is difficult to 
do in the literature. We have found through our own expe- 
rience that the quality of the surgical procedure and the 
anticipated outcomes improve dramatically with surgeon 
experience. 
" When done properly and for the correct indication, TIO 
can improve the radiographs and symptoms of patients with 
hip deformity, whether the deformity is acetabular, femoral, 
or a combination of both. 
" The procedure is not without risks, and occasional pa- 
tients have a poor outcome. 

In patients with acetabular dysplasia, indications and 
outcomes are better understood. 

The application of TIO for patients with femoral defor- 
mity (Perthes, AVN, epiphyseal dysplasia) has a shorter 
track record, but the procedure appears to provide clear 
benefit in properly selected cases.'*°!° 


COMPLICATIONS 


Inadequate coverage or containment 

Creation of impingement either anteriorly or laterally 
Sciatic or peroneal division nerve injury 

Injury to the bladder, spermatic cord, obturator nerve, sci- 
atic nerve 

Loss of fixation or acetabular rotation 

Infection 

Nonunion of pubis or ischium 

Hip stiffness 

Progression to OA 

Need for further surgery (deimpingement procedure, valgus 
rescue osteotomy of femur, Chiari osteotomy, shelf acetabulo- 
plasty, hip fusion, total hip arthroplasty) 
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Chiari Medial Displacement 
Osteotomy of the Pelvis 


4 Travis H. Matheney and Brian Snyder 


DEFINITION 


=" The Chiari osteotomy is primarily a “salvage” osteotomy 
for acetabular dysplasia in the painful, unstable hip. 

= It is generally reserved for hips where a congruous reduction 
is not possible because of arthrosis or femoral head aspheric- 
ity that prevents use of one of the more standard rotational 
osteotomies. ‘7° 

= It is a single pericapsular osteotomy through the iliac (innom- 
inate) bone of the pelvis with medialization of the acetabulum 
and hip joint to improve posterior and lateral coverage. The 
ilium forms a shelf over the dysplastic, subluxated hip (FIG 1). 
= The goals are improved femoral head coverage, a stable ar- 
ticulation, and metaplastic transformation of the hip capsule 
to fibrocartilage to create a stable, pain-free hip. 

=" Contraindications include severe arthrosis, age greater than 
45 (relative, where arthroplasty may be a better option), and 
significant proximal migration of the femoral head (may pre- 
vent adequate coverage by thinner proximal ilium).° 
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ANATOMY 


=" Developmental acetabular dysplasia most commonly 
involves deficiency of the anterior and anterolateral 
acetabulum. 

= In cases of spastic hip dysplasia, the lateral and posterolat- 
eral acetabulum is most often deficient. 

=" The location of acetabular deficiency must be considered 
when planning the shape and orientation of the osteotomy and 
positioning of the iliac shelf over the hip joint. 

=" Femoral head deformity may include coxa breva, coxa 
magna, or coxa plana. 

= In cases of trochanteric overgrowth, simultaneous advance- 
ment of the greater trochanter may provide improved abduc- 
tor mechanics (although the risk of heterotopic ossification 
may be slightly increased). 

=" This osteotomy may not provide adequate coverage in 
cases of high dislocation and in the pelvis in patients with 
advanced neurologic conditions (eg, myelomeningocele, 
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FIG 1 © Concept and steps of the Chiari osteotomy. A. The view required to properly perform the osteotomy. 
B. The proper placement of the osteotomy in the coronal plane is at the superior border of the acetabulum, 
just above the capsule and angled upward 10 to 15 degrees. C. The acetabular fragment is displaced medially, 
hinging on the symphysis pubis. D. The proposed osteotomy (dotted line) as seen from the lateral projection. 
E. The line of the osteotomy as seen from the inside view of the pelvis. It is above the triradiate cartilage. 
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where the ilium is very thin above the acetabulum). 
Therefore, careful consideration of the available periacetabu- 
lar bone stock should be made before considering the Chiari 
osteotomy. 

= The need for additional bone graft to supplement posterior, 
lateral, and (especially) anterior coverage is common. 

= This procedure does not require concentric reduction of the 
femoral head into the acetabulum. 

= It has the advantage of medializing the femoral head and de- 
creasing the force across the hip joint by increasing the surface 
area of coverage. 

=" Lateralizing the ilium to form a shelf causes obligatory 
shortening of the gluteal muscle length and abductor moment 
arm that weakens the muscle and contributes to postopera- 
tive Trendelenburg limp. However, advancing the greater 
trochanter can restore the resting length of the gluteus 
medius. Delp et al? found that decreasing the obliquity of the 
supra-acetabular osteotomy may decrease the effect on the 
abductor lever arm. 


PATHOGENESIS 


= The causes of advanced hip disease requiring salvage surgery 
are many and include late diagnosis of developmental dyspla- 
sia of the hip (DDH), spastic or neuromuscular hip dysplasia, 
failed prior hip procedures (reduction, periacetabular os- 
teotomy), and acetabular trauma. 

=" Femoral head conditions that can lead to incomplete or 
incongruous femoral head coverage include primary mal- 
formation, secondary avascular necrosis, slipped capital 
femoral epiphysis, epiphyseal-metaphyseal dysplasia, and sec- 
ondary malformation from longstanding subluxation or im- 
pingement. 


NATURAL HISTORY 


=" Because this osteotomy is used as a salvage procedure for 
many hip diseases, it can be used to treat any of the several 
conditions that result in progressive, painful arthrosis and 
instability. 

=" The threshold of acetabular dysplasia required to induce 
arthrosis is incompletely understood. However, when assessing 
lateral uncovering, Murphy® found that a lateral center—-edge 
angle less than 16 degrees on an anteroposterior (AP) view of 
the pelvis correlated with a significantly increased risk of re- 
quiring arthroplasty by age 65. 

=" Spastic hip dysplasia can lead to progressive subluxation 
and painful dislocation in 30% to 50% of cases. It is more 
common in nonambulatory patients. 





PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Key portions of the history include: 

" Personal or family history of or treatment for DDH 

" History of other hip disorders, including Legg-Calvé- 

Perthes disease 
Trauma 
Skeletal dysplasias 
History of cerebral palsy 
Birth order and weight 
Description of pain and mechanical symptoms, including 

location, duration, activity limitation, giving way, clicking, 

catching, and popping 
=" The physical examination should include gait, limb length, 
assistive devices, and strength. 
= Specific hip tests include the following: 

" Trendelenburg test: Demonstrates weakness in abductors 

= Anterior apprehension test with extension and external 

rotation of the hip: A positive result is a subjective noting of 

“apprehension” or instability by the patient. 

" Gluteus medius and maximus strength 

= Anterior impingement test (pain with passive hip flexion, 

adduction, and internal rotation): Test of anterior labral 

pathology, not just a tear 

= “Bicycle test” for abductor fatigability of the hip while 

lying in the contralateral decubitus position 

" Range of motion: It is important to test internal and ex- 

ternal rotation at multiple degrees of flexion as femoral 

head and acetabular deformities vary. This can often aid in 
determining where the pathologic articulation is located. 

" Galeazzi sign: Demonstrates hip subluxation or dislocation 
=" The Chiari osteotomy can increase abduction. It does not al- 
ways significantly improve range of motion in other planes, 
and therefore preoperative flexion to 90 degrees, full (or near 
full) extension, and at least 10 to 20 degrees of adduction are 
requirements. 
= Gait is assessed preoperatively. It is important to discern 
whether any limp is antalgic, due to abductor weakness or in- 
stability. The Chiari osteotomy classically can improve an- 
talgia and instability. However, the patient should understand 
that abductor weakness may not be improved. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiography should include weight-bearing anteroposterior 
(AP) views of bilateral hips, false profile of hips, and AP of 
hips in maximal abduction and internal rotation (FIG 2). 


FIG 2 © A. AP radiograph of bilateral hips 
and pelvis of patient with right hip with 
Legg-Calvé-Perthes disease. B. Frog-leg lat- 
eral radiograph of left hip with Legg-Calvé- 
Perthes disease. 
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These studies allow assessment of lateral and anterior coverage 
of the femoral head as well as congruency of the hip joint. Also 
noted will be the presence of hinge abduction. 

=" Computed tomography (CT) scan with three-dimensional 
reconstruction may help in preoperatively assessing the 
amount and direction of acetabular deficiency. 

= Magnetic resonance imaging (MRI) of involved hips with ra- 
dial sequences centered at the femoral head can also help with 
preoperative assessment of articular and labral cartilage. 


DIFFERENTIAL DIAGNOSIS 


DDH 

Spastic hip dysplasia 

Legg-Calvé-Perthes disease, avascular necrosis 
Multiple or spondyloepiphyseal dysplasia 
Posttraumatic hip or femoral dysplasia 


NONOPERATIVE MANAGEMENT 


= The patient being considered for Chiari osteotomy usually 
presents with pain and arthrosis. 

= Activity and job modification and weight loss may be of ben- 
efit in delaying or mitigating the onset of arthritic symptoms. 

= Physical therapy may be of some benefit in increasing range 
of motion and strength. To date, there are no data to suggest 
that a specific physical therapy regimen can stop the onset of 
arthritis in the dysplastic hip. 


SURGICAL MANAGEMENT 


=" Hip adductor tenotomy, lengthening, or Botox can be used 
in an attempt to delay the onset of spastic hip dysplasia (if per- 
formed before age 4 to 6) and if hip abduction is less than 45 
degrees with hips flexed and extended. 





EXPOSURE 
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= This is especially important if a varus intertrochanteric os- 
teotomy is being performed simultaneously. 

= Painful, unstable, moderate to severe dysplasia with incon- 
gruent articulation with or without femoral head deformity 
often requires surgical correction. 

= Additional options to Chiari include arthrodesis, shelf pro- 
cedures, and arthroplasty. 


Preoperative Planning 


=" A complete physical examination is performed and radi- 
ographs are obtained. 

= In the case of marked proximal migration, preoperative trac- 
tion for 2 to 3 weeks may improve the position of the femoral 
head relative to the acetabulum, thereby increasing proximal 
ilial fragment coverage after osteotomy. 

Positioning 

= The patient is placed supine on a radiolucent table with a 
rolled blanket bump under the operative hip. 

= All other bony prominences are carefully padded. 

= A Foley catheter is placed and prophylactic antibiotics are 
administered. 

= The use of epidural anesthesia depends on patient and sur- 
geon preferences. 

= The extremity is prepared free proximally to the costophrenic 
margin, including the groin and buttock regions. 


Approach 


=" The ilioinguinal approach begins along the iliac crest and 
continues medially for about 10 cm. 

=" The iliofemoral approach is less cosmetic but can aid in vi- 
sualization in larger patients and can allow combined pelvic 
and femoral procedures to be done through one incision. 





= The skin incision begins laterally 1 to 1.5 cm below the 





iliac crest, extending distally to 1.5 cm below the anterior 
superior iliac spine and then posteriorly over the lateral 
thigh or medially across the groin to 1.5 to 2 cm medial 
to the anterior superior iliac spine (ilioinguinal approach; 
TECH FIG 1A). 

The tensor fascia lata (TFL) compartment is entered just 
lateral to its intermuscular septum with the sartorius 
muscle, which is retracted medially. 

The TFL muscle belly is bluntly dissected off the intermus- 
cular septum and dissection is carried proximally to the 
ilium. This allows visualization of the anterior ilium and 
easy continuation of subperiosteal exposure of the ilium 
(TECH FIG 1B). 

Although the lateral femoral cutaneous nerve is not 
routinely visualized or isolated, it may be encountered 


underneath the fascia in the interval between the sarto- 
rius and the TFL. Therefore, care should be taken when 
retracting the medial structures during this dissection, 
the procedure, and closure of the interval. 

The iliac apophysis is split (in younger patients) or subpe- 
riosteally dissected (in skeletally mature patients) to 
allow subperiosteal exposure of the inner and outer ta- 
bles of the ilium. A moist sponge is packed along the 
inner table to provide retraction and hemostasis. 

The outer table of the ilium is subperiosteally cleared 
of abductor musculature. This is carried out until a firm 
endpoint is reached, usually indicating that the surgeon 
has reached the indirect head of the rectus femoris. 
Expose the anterior and superior aspects of the hip joint 
capsule. Identify the rectus femoris, release the indirect 
head at its bifurcation from the direct head, and follow 


TECH FIG 1 « A. Planned incisions for 
both the ilioinguinal approach and the 
direct lateral approach to the proximal 
femur for additional intertrochanteric 
osteotomy. B. Ilioinguinal approach. 
Shown are the iliac crest and the direct 
head of the rectus femoris (arrow) 
deep to the tensor fascia lata compart- 
ment (tensor fascia lata retracted pos- 
teriorly). (continued) 
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TECH FIG 1 ¢ (continued) C. The outer table of the ilium is ex- 
posed. A Lane bone lever placed subperiosteally into the 
greater sciatic notch allows excellent visualization of the ac- 
etabular rim (arrow) all the way to the ischial spine. 


it posteriorly. Incise the periosteum of the outer ilium 
along the border of the indirect head of the rectus and 
carefully dissect it off the hip capsule. This will allow 
you to strip the abductor minimus capsular insertion 
from medial to lateral off the superior capsule. 

A pseudoacetabulum may be present; it can feel like the 
capsular edge during the initial approach. Intraoperative 
fluoroscopy will help to discern when you have reached 
the edge of the true acetabulum if there is any question. 
While Chiari originally described a semi-blind osteotomy, 
it is important to have excellent visualization of the supe- 
rior hip capsule from the anterior ilium to the greater sci- 
atic notch and along the posterior wall of the acetabulum 
to the ischial spine. Placement of the osteotomy must be 
at the capsular edge of the acetabulum (TECH FIG 1C). 





OSTEOTOMY 


Once the exposure is complete, a variety of methods may 
be used to create the osteotomy. 

The supra-acetabular osteotomy is a curvilinear cut from 
the anterior ilium, along the capsular edge of the ac- 
etabulum, and posterior to the greater sciatic notch. We 
use a modification advocated by Hall that simply makes 
a concerted effort to create a dome osteotomy by curv- 


ing the osteotomy distally when aiming for the notch to 
maximize the posterior coverage. 

The osteotomy starts at the capsular margin and is aimed 
proximal and medial at an angle of about 10 to 15 de- 
grees (see Fig 1A). This facilitates “sliding down” of the 
illum over the hip joint capsule. When properly com- 
pleted, the cut surface of the ilium will lie in direct 
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TECH FIG 2 e A-C. Bone models demonstrate the planned supra-acetabular osteotomy using a combination of curved and 
dome-shaped osteotomes. D. Scoring the inner table of the ilium along the projected course of the osteotomy minimizes 
splintering. E. AP fluoroscopic view of the right hip during osteotomy. The osteotome enters at the edge of the acetabulum 
and is directed upward at an angle of about 10 to 15 degrees. F. The completed supra-acetabular osteotomy (arrow). 
G. Bone model representation of the posterior aspect of the osteotomy. Note the attempt to continue the osteotomy 
posterior to just above the ischial spine. 
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contact with the hip capsule and will be in continuity 
with the lateral bony edge of the acetabulum. 


Chiari Conventional Method 


A Gigli saw is passed through the greater sciatic notch 
while protecting its contents and is used in a posterior- 
to-anterior direction. 

We find that as the starting point is crucial, it is help- 
ful to notch the posterior column in the sciatic notch 
and the outer table of the ilium to create a track for 
the Gigli. 


ACETABULAR DISPLACEMENT 


The hip is abducted and pushed medially to displace the 
distal fragment (TECH FIG 3A,B). 

The amount of displacement required is somewhat de- 
pendent on the amount of coverage required. One hun- 
dred percent displacement is possible and often necessary. 


Authors’ Preferred Method 






We prefer a combination of curved and dome-shaped 

osteotomes used under fluoroscopic guidance to create 

the osteotomy. 

It is often helpful to score the inner table of the ilium 

along the projected course of the osteotomy to minimize 

splintering of the inner table (TECH FIG 2A-F). 

To maximize the amount of posterior coverage, an at- 

tempt is made to continue the osteotomy at the acetab- 

ular rim as far distal and posterior as possible. 

= This is carried out only to a level just above the ischial 
spine (TECH FIG 2G). 


In particular, when posterior coverage is required, the 
ilium is displaced posteriorly over the sciatic notch; take 
care to prevent compression or entrapment of the sciatic 
nerve (TECH FIG 3C). 


Displaced 
lium 
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TECH FIG 3 e Osteotomy displacement. A. The leg is abducted and axial pressure applied to cause the acetabular fragment 
to displace medially underneath the ilium. B. A view looking down from above assessing the amount of superior coverage 
provided by the ilium. This also illustrates why augmentation with additional iliac graft may be required anteriorly. The leg 
is abducted and axial pressure applied to cause the acetabular fragment to displace medially underneath the ilium. 
C. Sawbones model demonstrating the amount of superior and posterior coverage attained with 100% displacement. 


OSTEOTOMY FIXATION 


= The osteotomy is fixed in place with 3.5- or 4.5-mm cor- 
tical screws placed either along the iliac crest or along 
the outer table of the ilium under fluoroscopic guidance 
directed into the posterior column of the ischium (TECH 
FIG 4A,B). 

= If additional coverage is required (especially anterior), a 
corticocancellous graft is excised from the inner table of 
the ilium using a saw or osteotome (TECH FIG 4C). This 
fragment is interposed between the hip capsule and the 


TECH FIG 4 e A,B. AP and frog-leg lateral views of the right 
hip after fixation of the osteotomy and completion of addi- 
tional intertrochanteric osteotomy. (continued) 
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WOUND CLOSURE 


= Drains can be used at the surgeon’s discretion. 


terrupted sutures. 





PEARLS AND PITFALLS 





transposed ilium now forming part of the roof of the 
acetabulum (TECH FIG 4D). 

= Bone graft may also be placed medially over the distal 
acetabular fragment to facilitate bony healing. 

=m Stable reduction through range of motion is confirmed 
by fluoroscopy before wound closure. 
=" It is important to verify in multiple planes of projec- 

tion that no screw impinges on the hip joint. 


TECH FIG 4 e (continued) C. Inner table of the ilium is taken 
for additional anterior-coverage autograft (arrow). D. Final 
position of osteotomy fragments, iliac crest graft between 
illum and hip capsule, and additional cancellous graft placed 
above. 


= The remainder of the wound is closed in layers. 


= The iliac apophysis is closed with heavy, absorbable, in- 





Indications 


= Proper patient selection. Severe arthrosis or proximal migration may be incompletely managed by Chiari 


osteotomy. Care should be taken when considering this procedure in young patients or in patients with 
neuromuscular disease as they may have insufficient thickness of illum to provide adequate coverage. 


Osteotomy 


= Curving the osteotomy distally and posteriorly toward the sciatic notch maximizes posterior coverage. 


The more dome-like the osteotomy, the more anterior coverage is afforded. The posterior osteotomy 
may follow the posterior acetabulum as far distally as the ischial spine. Then it must be carried posteri- 
orly to the notch, exiting proximal to the sacrospinous ligament. Again, the contents of the sciatic notch 
must be carefully protected by subperiosteal placement of retractors. 


Screw fixation 


= Screws are placed at the iliac crest for fixation. However, with increased displacement it may be neces- 


sary to start the screws along the outer table of the ilium. They are directed into the posterior column 
of the ischium under fluoroscopic guidance. 


Additional coverage 


Sciatic nerve 


# A corticocancellous segment of the inner table of the ilium is used as bone graft for augmenting defi- 
cient (especially anterior) coverage. 


= Careful subperiosteal dissection of the sciatic notch will help to protect the neurovascular contents. We 


recommend palpation of the posterior edge of the osteotomy after displacement to confirm there is no 


soft tissue (sciatic nerve) entrapment. 


POSTOPERATIVE CARE 


= Patients are kept toe-touch weight bearing for 6 weeks. 

=" Range of motion is allowed from full extension to 70 degrees 
of flexion. 

= Therapy is allowed for gentle passive range of motion within 
these limits for 6 weeks. 

=" Weight bearing is advanced with evidence of radiographic 
healing. 

= If trochanteric advancement was performed, active abduc- 
tion is limited for 6 weeks. 

= Patients who have a neuromuscular condition with spastic- 
ity or underwent tendon lengthenings in the same surgery are 
placed in either bilateral long-leg casts held in abduction by 
a connector bar or knee immobilizers and abduction foam 
pillow. 

=" Neuromuscular patients will stay in the immobilization for 
3 weeks. After 3 weeks patients come out of immobilization 


for gentle passive range of motion and bathing for an addi- 
tional 3 weeks. 


OUTCOMES 


= In general, reported outcomes with follow-up from 11 to 34 


=" Outcomes are better for younger patients with mobile 
hips (at least 90 degrees of flexion) and adequate corrected 
coverage. 


COMPLICATIONS 


= Sciatic neuropraxia from sciatic nerve entrapment or injury 
during osteotomy or neuropraxia of the lateral femoral cuta- 
neous nerve 

=" Incomplete correction and resubluxation 

= Heterotopic ossification 

= Infection 
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Bernese Periacetabular 
Osteotomy 


Travis H. Matheney and Michael B. Millis 


DEFINITION 


= Hip dysplasia is the most common etiology of coxarthrosis, 
often leading to arthroplasty long before joint replacement can 
be considered a lifetime solution.’ 

= Surgical realignment of the congruous dysplastic acetabu- 
lum can improve or eliminate symptoms for years, sometimes 
indefinitely, in a majority of appropriately selected patients, 
even in those with some degree of preoperative arthro- 
gig, 123+46-8 

= Age limits for this procedure are adolescence (closed triradi- 
ate cartilage) to an indefinite upper age limit (limited by pre- 
operative arthrosis and other considerations that might make 
arthroplasty a better choice). 


ANATOMY 


=" The acetabulum lies between the anterior and posterior 
columns of the pelvis. 
= The most common area of acetabular deficiency in develop- 
mental dysplasia of the hip (DDH) is anterior and lateral. 
=" The Bernese periacetabular osteotomy (PAO) differs from 
the triple osteotomy primarily by maintaining the integrity of 
the posterior column of the pelvis. 
=" The Bernese PAO uses five steps to divide the acetabular 
fragment from the remainder of the pelvis, allowing multipla- 
nar reorientation. 
" Important bony landmarks include: 
" Tliopectineal eminence (which marks the medialmost ex- 
tent of the acetabulum) 
" Infracotyloid groove (just distal to the acetabulum, where 
the obturator externus tendon lies; this is the site of the an- 
terior ischial osteotomy) 
" Anterosuperior iliac spine (ASIS) 
= Apex of the greater sciatic notch 
" Ischial spine 
= The posterior column is triangular and thickest just poste- 
rior to the acetabulum; it becomes much thinner closer to the 
sciatic notch. For this reason, the optimal plane for the pos- 
terior column is angled obliquely to the medial cortex and 
perpendicular to the lateral cortex of the ischium—posterior 
column. 


PATHOGENESIS 


=" Genetic and developmental causes exist for “developmental 
dysplasia.” 

=" Neuromuscular: Charcot-Marie-Tooth disease and spastic 
diplegia 

= Posttraumatic: injuries to the triradiate cartilage; aggressive 
excision of the limbus in the infant hip 


NATURAL HISTORY 


=" There is a clear correlation between acetabular dysplasia 
and osteoarthrosis of the hip. 
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= The more severe the acetabular dysplasia and any subluxa- 
tion, the earlier the onset of symptoms from arthrosis. 

=" Murphy et al° found that every patient with a lateral cen- 
ter-edge angle less than 16 degrees developed osteoarthritis by 
age 65. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Key portions of the history include: 
= Personal or family history or treatment of DDH 
" History of other hip disorders, including Legg-Calvé- 
Perthes 

Trauma 

Skeletal dysplasias 

History of cerebral palsy 

Birth order and weight 

Description of pain or mechanical symptoms, including 
location, duration, activity limitation, giving way, “click- 
ing,” “catching,” and “popping” 

=" Physical examination should include gait, limb length, assis- 

tive devices, and strength. 

=" Specific hip tests include the following: 
" Trendelenburg test: Demonstrates weakness in abductors. 
= Anterior apprehension test: A positive result is a subjec- 
tive noting of “apprehension” or instability by the patient. 
= Anterior impingement test (pain with passive hip flexion, 
adduction, and internal rotation): Test of anterior labral 
pathology, not just a tear. 
= Bicycle test for abductor fatigability. 
=" Range of motion (ROM): Dysplastic hips may demon- 
strate a relative increase in flexion due to anterior acetabu- 
lar uncoverage. Decreased ROM with pain may indicate 
arthrosis. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Radiography includes weight-bearing anteroposterior (AP) 
views of bilateral hips (FIG 1A), false profile of hips (FIG 1B), 
and AP views of the hips in maximal abduction and internal 
rotation (von Rosen view; FIG 1C). These studies allow assess- 
ment of lateral and anterior coverage of the femoral head as 
well as congruency of the hip joint. Additionally noted will be 
presence of hinge abduction, which is a relative contraindica- 
tion to PAO, 
=" Radiographic parameters include the following: 
" Lateral center-edge angle of Wiberg measured from AP 
view of the hip (lower limits of normal about 25 degrees; see 
Fig 1A) 
= Anterior center-edge angle of Lequesne and de Seze 
(lower limits of normal 20 degrees measured on the false 
profile view; see Fig 1B) 
" T6nnis acetabular roof angle measured on the AP view of 
the hip (upper limits of normal 10 to 15 degrees; FIG 1D) 








" Crossover sign (anterior wall shadow crossing posterior 
wall shadow on AP view of the pelvis) 
" Assessment of the line of Shenton for breaks indicative of 
femoral head subluxation 
= Computed tomography (CT) scan of both hips with three- 
dimensional reconstruction as well as with axial slices 
through the femoral condyles may be of assistance in preop- 
eratively assessing the amount and direction of correction 
required as well as the potential need for proximal femoral 
osteotomy. 
= Magnetic resonance imaging (MRI) of involved hips with 
radial sequences centered at the femoral head allows assess- 
ment of articular and labral cartilage. 
" Delayed gadolinium-enhanced MRI of cartilage 
(dGEMRIC) is a recently developed technique that assesses 
the mechanical damage to the articular cartilage. It has 
been demonstrated to be a better preoperative predictor 
than plain radiographs in determining outcome after 


PAO.” 
NONOPERATIVE MANAGEMENT 


" Activity and job modification may be of benefit in delaying 
or mitigating arthritic symptoms. 

= Physical therapy may be of some benefit in increasing ROM 
and strength. To date, there are no data to suggest that a spe- 
cific therapy regimen can affect the onset of arthritis in the 
dysplastic hip. 


SURGICAL MANAGEMENT 


=" Indication: Symptomatic, congruous acetabular dysplasia 
(closed triradiate cartilage) with lateral and anterior center- 
edge angles 18 degrees or less 
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FIG 1° A. AP view of pelvis and hips. Lateral center-edge angle of Wiberg is 
marked on right hip. B. False profile view of right hip. Anterior center-edge 
angle of Lequesne and de Seze is marked. The anterior edge is marked to the 
edge of the sourcil. C. Von Rosen AP view of pelvis with hips in maximal abduc- 
tion and internal rotation. This is used to assess congruency and mimic the 
appearance of the hip after reorienting acetabular osteotomy. D. AP view of 
pelvis and hips. The T6nnis acetabular roof angle is marked on the right hip. 


=" Contraindications: Tonnis osteoarthrosis grade 2 or more 
(subchondral cysts, significant joint space narrowing); severe 
limitation of motion secondary to arthrosis; active joint infection 


Preoperative Planning 


=" Radiographs and MRI are evaluated to assess the following: 
= Degree and character of dysplasia 
= Amount and direction of correction required to normalize 
the Tonnis acetabular roof angle (0 to 10 degrees), correct 
subluxation, and improve mechanical stability 
=" Proximal femoral deformity may also require treatment at 
time of PAO. 
= Presence of acetabular articular or labral lesions (seen on 
MRI) should also be taken into consideration, as treatment ei- 
ther arthroscopically (before the osteotomy) or intraopera- 
tively through limited arthrotomy may be required for best 
long-term results. 
" Tsolated treatment of a labral lesion in the presence of ac- 
etabular dysplasia is contraindicated. Simultaneous acetab- 
ular realignment must be considered. 
=" The torn acetabular labrum is usually associated with 
other structural abnormality within the hip (femoral acetab- 
ular impingement or DDH), which may also require correc- 
tion for best results.” 
= Partial weight-bearing technique is taught preoperatively in 
preparation for postoperative mobilization. 


Positioning 

= The patient is positioned supine on a radiolucent table. 

= The operative extremity is prepared and draped free up to 
the costal margin; the surgeon should be certain to prepare 


and drape posteriorly to at least the posterior third of the ilium 
and medially to the umbilicus. 
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Section VIII HIP 


= Analgesia: We typically use an epidural for perioperative 
pain management; it is removed by postoperative day 3. 
However, this is not mandatory. 


Approach 


=" The standard longitudinal anterior Smith-Petersen incision 
and approach to the hip provides the appropriate access 
(FIG 2A). 

=" As an alternative, an ilioinguinal (bikini) incision may be 
used followed by a similar deep approach (FIG 2B). This in- 
cision typically provides a better cosmetic result but can limit 
access for the anterior ischial osteotomy. Therefore, we rec- 
ommend the standard anterior incision for larger and more 
muscular patients. 


FIG 2 © A. Hip with traditional Smith-Petersen incision marked. 


B. Hip with bikini-type incision marked. 


SUPERFICIAL DISSECTION 


z= The skin Is incised into subcutaneous tissue. 





The fascia over the external oblique and gluteus medius 
is identified and incised posterior to the ASIS and the 
plane between the two muscles is developed to expose 
the periosteum over the iliac crest. 

The periosteum is sharply divided over the iliac crest 
and subperiosteal dissection carried out over the inner 
table of the ilium. This space is packed with sponges for 
hemostasis. 

Entry into the tensor fascia lata—sartorius interval is ini- 
tially accomplished via the compartment of the proximal 
tensor fascia lata to avoid injury to the lateral femoral 


DEEP DISSECTION 


m™ Flexion and adduction of the hip facilitates the deep in- 
trapelvic and superior ramus dissection. 

= The reflected head of the rectus femoris is divided at its 
junction with the direct head (TECH FIG 1A,B). 

iz 


The direct head and underlying capsular iliacus are ele- 
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cutaneous nerve. The tensor fascia lata is bluntly elevated 
off the intermuscular septum and the compartment floor 
is identified proximally until the anterior ilium is palpated. 
Once hemostasis is attained, the ASIS is predrilled with a 
2.5-mm drill and the anterior 1 X 1 X 1-cm portion Is os- 
teotomized to facilitate the medial dissection and later 
repair. 
=" Alternatively, the sartorius can be taken off with just 
a thin wafer of bone that will be sewn back in place 
at the end instead of with a screw. 
Subperiosteal dissection is continued to the anteroinfe- 
rior iliac spine (AIIS). 


vated as a unit and reflected distally and medially off the 
underlying joint capsule. 

The iliacus, sartorius, and abdominal contents are re- 
flected medially. 

The psoas sheath is opened longitudinally, and the 





TECH FIG 1 « A. Deep dissection through anterior 
hip interval. The direct and indirect heads of the rec- 
tus femoris have been cut. B. Surgical exposure of 
the anterior hip capsule (arrow). The iliac crest is 
marked in the left half of the wound before subpe- 
riosteal dissection of the iliacus. (continued) 





D 


psoas tendon is retracted medially to allow access to 
the superior pubic ramus medial to the iliopectineal 
eminence. 

The interval between the medial joint capsule and the 
iliopsoas tendon is created and sequentially dilated 


OSTEOTOMIES 


Anterior Ischial Osteotomy 


With the hip flexed 45 degrees and slightly adducted, a 
30-degree forked, angled bone chisel (Synthes, USA; in 
15- or 20-mm blade widths) is carefully inserted through 
the previously created interval between the medial cap- 
sule and psoas tendon to place its tip in contact with the 
superior portion of the infracotyloid groove of the ante- 
rior ischium, just superior to the obturator externus ten- 
don (TECH FIG 2A-C). 

Staying proximal to the obturator externus tendon helps 
to protect the nearby medial femoral circumflex artery. 
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TECH FIG 1 e (continued) C,D. Intra- 
operative fluoroscopic AP views of 
the right hip. Lane bone lever is used 
to first palpate the outer and inner 
aspects of the anterior ischium. 


using the tip of a long-handled Mayo scissor, then 
further by Lane bone levers, with the tips of each pal- 
pating the anterior ischium at the infracotyloid groove. 
= Proper placement of the scissor and bone levers can be 

confirmed with the image intensifier (TECH FIG 1C,D). 


The medial and lateral aspects of the ischium should be 
gently palpated with the chisel. Proper chisel placement 
(about 1 cm below the inferior acetabular lip) is con- 
firmed on AP and oblique projections with the image in- 
tensifier (TECH FIG 2D). 

The osteotome is impacted in a posterior direction to a 
depth of 15 to 20 mm in a posterior direction and 
through both medial and lateral cortices of the ischium 
(TECH FIG 2E). 

Care should be taken not to drive the osteotome too 
deeply through the lateral cortex, as the sciatic nerve is 
nearby. 


Acetabular 
capsule 





TECH FIG 2 e A. Surgical exposure and placement of osteotome for ischial cut. The osteotome is placed me- 
dial to the joint capsule and lateral to the iliopsoas. B,C. Bone models demonstrating the planned position 
of the osteotome for the ischial cut: Ganz angled chisel (B) and Mast curved chisel (C). (continued) 
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Section VIII HIP 


Superior Pubic Ramus Osteotomy 


The hip is kept flexed and adducted to relax the anterior 
soft tissues. 

The psoas tendon and medial structures are gently re- 
tracted medially (TECH FIG 3A). 

After circumferential subperiosteal dissection of the 
ramus, either a spiked Hohmann retractor or a large- 
gauge Kirschner wire is impacted into the superior as- 
pect of the ramus at least 1 cm medial to the iliopectineal 
eminence (TECH FIG 3B). 

Blunt Hohmann retractors, Rang retractors, or Lane bone 
levers are placed anteriorly and posteriorly as well as in- 
ferior to the ramus to protect the obturator nerve and 
artery. 

The osteotomy is perpendicular to the long axis of the 
ramus when viewed from above but oblique from distal- 
medial to proximal-lateral when viewed from the front 


Superior 
pubic ramus 


Anterior "window" : | 
in the abductor muscles | 


TECH FIG 3 © A. Anterior approach. The superior pubic ramus is exposed 
and the iliopsoas is retracted medially. B. Bone model demonstrating the 
superior ramus osteotomy. The Lane bone levers are placed on either side 
of the ramus and a Kirschner wire is placed as a retractor. The iliopectineal 
eminence is marked with a circle. C. Intraoperative fluoroscopic false pro- 
file view of hip. A small Hohmann retractor is placed under the abductors 


aiming toward the apex of the sciatic notch. 


lliopectineal 
eminence 





TECH FIG 2 « (continued) D,E. Intraope- 
rative fluoroscopic AP view of right hip 
with Ganz 30-degree osteotome (D) at the 
anterior ischium and false profile view of 
right hip with Mast curved chisel (E) seated 
into anterior ischium. The sciatic notch and 
ischial spine are outlined in black. Proper 
direction of this cut should also be con- 
firmed on fluoroscopic false profile view. 


and may be carried out either by passing a Gigli saw 
around the ramus and sawing upward away from the re- 
tractors or by impacting a straight osteotome just lateral 
to the spiked Hohmann or Kirschner wire. In the former 
method, the Gigli saw is passed with the aid of a Satinsky 
vascular clamp. 
= The key to this osteotomy is to stay medial to the il- 
iopectineal eminence and avoid entering the medial 
acetabulum (TECH FIG 3C). 
Arthrotomy and intracapsular inspection: At a point be- 
fore all osteotomies are completed, an arthrotomy may 
be performed to identify and treat intra-articular lesions 
such as a torn labrum or impingement lesions of the 
femoral head and neck. 
= This is closed loosely with simple, interrupted ab- 
sorbable suture before proceeding with the remain- 
der of the osteotomies. 








TECH FIG 4 e Bone model demonstrating the saw cut of the 
illum aiming toward a point about 1 cm above the il- 
lopectineal line. 


Supra-acetabular Iliac Osteotomy 





A 1.5- to 2-mm subperiosteal window is started beneath 
the anterior abductors just distal to the ASIS without dis- 
turbing the abductor origin. 

The leg is slightly abducted and extended to allow atrau- 
matic subperiosteal dissection using a narrow elevator 
posteriorly toward, but not into, the apex of the greater 
sciatic notch. 

A narrow, long, spiked Hohmann retractor is placed in 
this window. Correct placement is confirmed with image 
intensifier; in the lateral projection the spike of the 
Hohmann should point toward the apex of the sciatic 
notch (TECH FIG 3C). 
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The iliacus is retracted medially with a reverse Hohmann 
with its tip on the quadrilateral surface. 

Under direct vision the iliac osteotomy is performed with 
an oscillating saw and cooling irrigation in line with the 
Hohmann retractor until reaching a point about 1 cm 
above the iliopectineal line (well anterior to the notch). 
This end point of the iliac saw cut represents the postero- 
superior corner of the PAO. This corner is also the start- 
ing point of the posterior column osteotomy, which will 
be midway between the sciatic notch and posterior ac- 
etabulum (TECH FIG 4). 

At this point, a single Schanz screw on T-handled chuck is 
inserted into the acetabular fragment distal and parallel 
to the iliac saw cut, well above the dome of the acetab- 
ulum, into a hole predrilled with a 3.2-mm drill. 


Posterior Column Osteotomy 


The leg is once again flexed and adducted to relax the 
medial soft tissues. 
A reverse blunt Hohmann retractor is placed medially 
with the tip on the ischial spine. Dissection into the sci- 
atic notch is neither necessary nor recommended. 
The osteotomy is made through the medial cortex with a 
long, straight 1.5-cm osteotome. It extends from the pos- 
terior end of the iliac saw cut, passing over the il- 
iopectineal line, through the medial quadrilateral plate, 
parallel to the anterior edge of the sciatic notch on iliac 
oblique fluoroscopy, and is directed toward the ischial 
spine (TECH FIG 5A). 
This osteotomy must extend at least 4 cm below the 
iliopectineal line to avoid entry into the acetabulum 
when completing the final (posteroinferior) infra- 
acetabular osteotomy. This posterior cut is made first 
through the medial, then second through the lateral wall 
of the ischium. 
= The ischium is wider here than at its anterior extent. 
If pictured from above, it resembles a triangle with 
the narrower apex at the anterior edge of the 
sciatic notch. Therefore, the surgeon should not 





TECH FIG 5 e A. Bone model demonstrating the division of the posterior 
column. B,C. The incorrect (B) and the correct (C) angles of the os- 
teotome for division of the posterior column. The dotted line indicates 
the relative position of the acetabulum and lateral aspect of the ischium. 
The proper angle of the osteotome is away from the sciatic notch about 
10 to 15 degrees. (continued) 
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TECH FIG 5 @ (continued) D. Intraoperative fluoroscopic false 
profile view of the right hip. Division of the posterior column 
is performed here. The borders of the osteotomy (acetabu- 
lum anteriorly and sciatic notch posteriorly) should be clearly 
visible to avoid intra-articular or intranotch extension of the 
osteotomy. 


ACETABULAR DISPLACEMENT 


A 1-inch straight Lambotte chisel is placed into the supra- 
acetabular iliac saw cut to both confirm completion of 
the lateral cortex osteotomy and protect the cancellous 
bone above the acetabulum during displacement. 

The tines of a Weber bone clamp are placed onto the su- 
perior ramus portion of the acetabular fragment in such 
a way as to place its handle anterior and in contact with 
the Schanz screw (TECH FIG 7A). 

A lamina spreader is placed into the iliac osteotomy be- 
tween the posterosuperior intact ilium and the Lambotte 
chisel anteriorly. 

While gently opening the lamina spreader, the Schanz 
screw and Weber clamp are used to mobilize the acetab- 
ular fragment. It is important to ascertain whether the 
posterior and anterior osteotomies are complete; other- 
wise, the fragment will not freely rotate and the com- 
mon outcome will be distal and lateral displacement as 
you hinge on the lateral, intact cortices. These cuts can 


place the osteotome perpendicular to the medial 
quadrilateral plate. Instead, the free medial edge of 
the osteotome should be tipped 10 to 15 degrees 
away from the sciatic notch to create a more true 
coronal-plane osteotomy, perpendicular to the 
lateral cortex of the posterior column (TECH 
FIG 5B,C). 

Correct angulation and positioning are once again con- 

firmed by the image intensifier (TECH FIG 5D). 


Completion Osteotomy 





The final osteotomy is a completion osteotomy of the 
posteroinferomedial corner of quadrilateral plate con- 
necting the anterior and posterior ischial cuts. 

A 30-degree long-handled chisel is used to connect these 
two prior osteotomies (TECH FIG 6). 

A key point: the blade is placed to connect the prior 
cuts and the osteotome face should not be more than 
50 degrees off the quadrilateral plate. This will prevent 
accidentally aiming anteriorly into the acetabulum. 


TECH FIG 6 « A. Bone model 
of right pelvis demonstrating 
the final cut with a bent os- 
teotome to connect the anterior 
ischial and posterior column 
osteotomies. B. Intraoperative 
fluoroscopic false profile view 
showing proper positioning of 
the osteotome. 


be inspected with a narrow or broad 30-degree chisel 
(TECH FIG 7B). 
Once the fragment is completely free, it may be posi- 
tioned to obtain the desired correction. As previously 
noted, the most common deficiency is anterior and lat- 
eral. Therefore, the most commonly used maneuvers 
are to lift the acetabular fragment slightly toward the 
ceiling, creating an initial displacement, followed by a 
three-step movement of lateral, distal, and internal 
rotation. 
= When performed properly, the posteroinferior corner 
of the acetabular fragment should be impacted 
slightly into the superior intact iliac cut and the 
prominent superior tip of the acetabular fragment 
should be roughly in line with the superior intact iliac 
crest (TECH FIG 7C). 
The radiographic “teardrop” and its relation to the 
femoral head after fragment positioning should be ele- 
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TECH FIG 7 e A. Bone model showing placement of Schanz screw (far /eft) and large bone-holding clamp for manipu- 
lation of acetabular fragment. The bone clamp is placed anterior to the Schanz screw. B. Intraoperative fluoroscopic 
false profile view of right hip. Seen here is displacement of the acetabular fragment with a lamina spreader (top) and 
use of an angled chisel from medial to lateral to find areas where the osteotomies are not complete. C. Sawbones 
model showing acetabular fragment placement. The posteroinferior corner of the fragment is impacted into the supe- 
rior iliac wing and its prominent anterior spike is roughly in line with the intact iliac crest. 


vated and tilted laterally commensurate with the age is obtained to recreate the proper position of the 

amount of lateral correction. femoral head in relation to the medial pelvis. This will 

= [It is commonly necessary to medialize the acetabular maintain proper biomechanical position of the femur 
fragment a little once the desired anterolateral cover- in relation to the pelvis. 





ACETABULAR FIXATION 


= Once the desired acetabular position is obtained, 3/32-inch at 100 degrees of flexion (TECH FIG 8C). In the for- 
smooth Kirschner wires (the approximate diameter of a mer view, the sourcil should be roughly horizontal, 
2.5-mm drill) are placed proximal to distal through the the femoral head should be well covered, and the line 
ilium and into the fragment in a divergent pattern. of Shenton should be intact. The false profile view is 

= At this point we perform a final fragment position check to confirm that we have neither overcovered the 
in the AP and false profile views (TECH FIG 8A,B). femoral head nor created impingement from a 
= Importantly, in the false profile view, we check the femoral-sided deformity. 


anterior femoral head coverage in full extension and 





TECH FIG 8 e A,B. Intraoperative fluoroscopic AP and false profile of the right hip. Preliminary check of fragment po- 
sition. It is important to obtain at least one view including the sacrococcygeal joint over and about 2 cm above the pubic 
symphysis. This aids in confirming proper final positioning of the acetabular fragment. C. Intraoperative fluoroscopic 
false profile view of the right hip with the hip maximally flexed. This confirms that the surgeon has not overcovered 
the femoral head, thus creating femoroacetabular impingement. (continued) 
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= If there is less than 90 degrees of flexion on palpation 
or radiograph, it may be necessary to either reposition 
the fragment or address femoral-sided deformity. 

The Kirschner wires are measured for depth and length 

and then replaced with either 3.5-mm or 4.5-mm cortical 

screws. 

The image intensifier is used to confirm extra-articular 

placement of all screws (TECH FIG 8D,E). 

An additional “home run” screw may be placed anterior 

to posterior from the AIIS posteriorly into the inferior 


WOUND CLOSURE 


All sponges are removed and wounds are irrigated 
copiously. 

Suction drains are placed under the iliacus. 

The ASIS osteotomy (if performed) is reattached either 
by using a 3.5-mm, partially threaded cancellous screw 
and washer or by being sewn back with heavy, ab- 
sorbable suture through thinner wafer. 


PEARLS AND PITFALLS 





TECH FIG 8 « (continued) D,E. Intraoperative 
fluoroscopic AP and false profile views of 
right hip. The sourcil is now horizontal with 
adequate-appearing femoral head coverage 
in both views. The femoral head is medial- 
ized appropriately. 


ilium if required for stability (especially in patients who 
are ligamentously lax or have a neuromuscular condition 
or poor bone quality). We prefer not to use this screw 
unless necessary, as it is our practice to remove these 
screws once bony healing is confirmed for screw head ir- 
ritation or in case MRI is to be performed at a later point. 
The anterior iliac prominence of the acetabular fragment 
is trimmed and used for bone graft. 

Gelfoam is placed along osteotomy sites to assist with 
hemostasis. 


Careful attention is paid to proper, tight closure over the 
iliac crest. This is accomplished by predrilling holes in the 
iliac crest to facilitate passage of heavy, absorbable su- 
tures to reattach the abductor, iliacus, and external 
oblique musculature. 

The remainder of the wound is closed in layers. 





Patient selection 


Pubic osteotomy 


Ischial osteotomy 


lliac osteotomy 


Incomplete osteotomies 


Schanz screw placement 


= Appropriate patient selection is paramount. 


= Risk factors for failure include older age, poor congruency, decreased joint space (less than 2 mm), 


and advanced arthrosis. 


= Presence of a labral tear preoperatively may also be an indicator of degeneration, more than may be 


apparent on plain radiographs. 


= The hip should be flexed 40 to 50 degrees for making the pubis osteotomy, which takes tension off 


the iliopsoas and improves access to the brim of the pelvis. 


= If the medial joint is entered while attempting to gain access for the ischial cut, the surgeon can 


open the psoas sheath and try a second approach dissecting through the floor of the sheath. This 
technique can be helpful in re-establishing an extra-articular dissection to the ischium. 
= Straying too medial risks injury to the neurovascular bundle. 


= In general, given true supine positioning of the pelvis and patient, the iliac wing osteotomy will be 


roughly directed perpendicular to the floor. This sighting technique gives a second visual reference, 
which, in combination with intraoperative imaging, will aid in proper positioning of the osteotomy. 


=® Connecting the inferior ischial (infracotyloid) osteotomy and the posterior ischial cuts may require a 


medial-to-lateral osteotome cut through their medial junction. This is most commonly necessary 
when the lateral portion of these osteotomies is incomplete and the finding is an inability to freely 
move the acetabular fragment at the initial completion of all planned osteotomies. 


= The Schanz pin (screw) should be placed nearly in line with and 1 to 1.5 cm below the iliac wing os- 


teotomy. In poorer-quality bone, it may be necessary to place the screw closer to the acetabular sub- 
chondral bone. Additionally, the acetabular fragment should be mobilized by using both the Schanz 
pin and the bone clamp holding the pubic portion of the free fragment. 


POSTOPERATIVE CARE 


= Sitting is permitted on postoperative day 2. 

= Partial weight bearing is reviewed by a physical therapist once 
the epidural catheter is removed on postoperative day 2 or 3. 

=" Weight bearing is progressed from partial to full, typically 
by 6 to 8 weeks with radiographic healing and return of ab- 
ductor strength. 

=" Range of motion is limited to 90 degrees of flexion, 10 de- 
grees from full extension, and 10 degrees of adduction, abduc- 
tion, and rotation for the first 6 weeks. 

= Resistive exercises are avoided for 3 months. 

= Patients older than 16 years are given either low-molecular- 
weight heparin or warfarin for 4 to 6 weeks. 

=" Nonsteroidal anti-inflammatories are avoided. 


OUTCOMES 


=" Outcomes are generally good to excellent in the appropri- 
ately selected patient. 

=" Hips with minimal arthrosis (more than 2 mm of joint space 
and no significant subchondral changes) in younger (less than 
35 years old) patients have demonstrated significant improve- 
ment in Harris hip and Merle D’Aubigne scores that can last 
at least 20 years. '?97°6-® 

=" Hips with moderate to advanced arthrosis in older patients 
can still show significant improvement in symptoms. However, 
their symptom relief may be shorter-lived, requiring conversion 
to either a surface replacement or total hip arthroplasty. 


COMPLICATIONS 


= Sciatic or lateral femoral cutaneous nerve palsy 
=" Postoperative wound hematoma requiring return to operat- 
ing room 
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Wound infection 

Nonunion of pubic ramus 

Heterotopic ossification 

Vascular injury 

Intra-articular osteotomy 

Malalignment of fragment leading to insufficient correction 
or overcorrection 
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DEFINITION 


= Surgical dislocation of the hip can be done safely to treat a 
number of conditions, including femoroacetabular impinge- 
ment (FAI), labral tears, chondral injuries, reduction of 
femoral neck fractures, reduction of acute severe slipped capi- 
tal femoral epiphysis (SCFE), or any condition that requires 
wide complete access to the hip joint.’ 

=" There is little morbidity associated with this procedure, 
and avascular necrosis of the femoral head is a rare 
complication.” 

=" This technique allows functional assessment of motion 
intraoperatively. 


ANATOMY 


=" The blood supply to the femoral head is mainly from the 
medial femoral circumflex artery (MFCA) (FIG 1A).!° 

= The intact external rotator muscles, most notably the ob- 
turator externus muscle, protect the MFCA during the dislo- 
cation (FIG 1B).* 


PATHOGENESIS 


=" In FAI, anatomic deformity leads to abnormal contact be- 
tween the proximal femur and the acetabular rim at the termi- 
nal extent of motion. 

=" In cam impingement, an abnormal bump on the femoral 
neck passes into the hip beneath the labrum and mechanically 
damages the labrum and cartilage of the acetabulum. 
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= Pincer impingement occurs with overcoverage of the acetab- 
ular rim impinging on the anterior femoral neck or head—neck 
junction with terminal flexion. 
" Both cam and pincer impingement can, and frequently do, 
coexist. 
=" The early chondral and labral lesions that occur in physi- 
cally active adolescents and young adults can progress and re- 
sult in degenerative joint disease of the hip. 
=" Causes of FAI can be idiopathic, secondary to a SCFE, an- 
terior overcoverage of the hip with a retroverted acetabulum, 
residual deformity from Perthes disease, or posttraumatic 
changes. 


NATURAL HISTORY 


= A pistol-grip deformity of the femoral head has been associ- 
ated with early arthrosis of the hip.° 

=" End-stage osteoarthrosis of the hip, once thought to be 
mainly idiopathic, is now believed to be a result of mild defor- 
mities similar to those caused by childhood diseases of the 
hip such as developmental hip dysplasia, SCFE, and Legg- 
Calvé-Perthes.! 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= FAI usually presents in active adolescents or young adults 
with slow-onset groin pain, which may be exacerbated by ath- 
letic activities. 
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FIG 1° A. Vascular anatomy of the femoral head. Note the proximity of the terminal branches of the medial 
femoral circumflex artery (MFCA) to the insertion of the piriformis tendon. B. Intraoperative photograph 
showing the path of the MFCA over and behind the intact short external rotators, including the quadratus 


femoris (Q) and the obturator externus (OE). 
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Many patients have difficulty sitting for long periods and 
adjust their seating posture to decrease lumbar lordosis to 
allow less flexion at the hips. Frequently they complain of dif- 
ficulty getting into or out of a car. 

There can be a family history of hip pain, early arthrosis, or 
hip arthroplasty. 

Patients may walk with an antalgic gait, favoring the side of 
impingement. A foot-progression angle externally rotated may 
indicate a chronic SCFE or femoral retroversion. 

The impingement test, if positive, shows reproducible groin 
pain with internal rotation, which is relieved with external 
rotation. 

The physical examination should include both flexion and 
internal rotation range-of-motion tests. 

Patients with impingement will have less than 90 degrees 
of true hip flexion. 
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Patients with impingement will have less internal rotation 
in flexion than extension, and may have a compensatory ex- 
ternal rotation of the hip as it is flexed. 


Plain radiographs should include an anteroposterior (AP) 
view of the pelvis and a true lateral view of the hip held in 15 
to 20 degrees of internal rotation ( 2 

Computed tomography scans with two- and _three- 
dimensional reconstructions are helpful for preoperative plan- 
ning and detecting subtle femoral head—neck junction promi- 
nence ( ye 

Magnetic resonance imaging can further delineate the labral 
and cartilage pathology ( ). If the study is performed 


with gadolinium and high-resolution sagittal oblique or radial 
sequences, labral pathology can be detected. 





FIG 2 © AP pelvis (A) and true lateral (B) radiographs, which show the 
lack of femoral head-neck offset anteriorly (arrow in B) that is causing 
cam impingement. Three-dimensional reconstructions of the same pelvis 
from an AP (C) and a slightly left-rotated (D) perspective. The large 
“bumps” (arrows) obscuring the anterior femoral head—neck junction ac- 
count for the lack of offset appreciated in B. E. T1-weighted sagittal MRI 
showing a large anterior osteophyte (arrow). 
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DIFFERENTIAL DIAGNOSIS 


FAI 

Labral tear 
Hip dysplasia 
SCFE 


Acetabular retroversion 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management includes cessation of aggravat- 
ing activities, and symptomatic treatment using nonsteroidal 
anti-inflammatories. 

= Physical therapy to strengthen the hip musculature does not 
address the mechanical impingement of FAI. 


SURGICAL MANAGEMENT 


=" Hip pathology may be addressed through hip arthroscopy. 
However, it may be difficult to dynamically assess hip me- 
chanics before and after débridement. 

=" Femoral head-neck osteoplasty may be performed through 
an anterior approach to the hip without a surgical dislocation. 
However, the articular cartilage of the acetabulum and most 
of the femoral head cannot be evaluated with this limited 
approach. 


Preoperative Planning 


= All imaging studies are reviewed. 

= The lack of femoral head—-neck offset is best appreciated on 
the true lateral view of the hip (see Fig 2A,B), or on the axial 
cuts or 3D reconstruction of a CI scan. 


=" A CT scan that includes cuts through the distal femoral 
condyles may be used to accurately measure the amount of 
femoral version.’ 

= After general anesthesia is administered, the patient’s hips 
are examined. The amount of true hip flexion and internal and 
external rotation with the hip extended and hip flexed are 
noted and compared to the preoperative assessment. 


Positioning 

= The patient is placed in the full lateral position, secured on 
a pegboard. A flat-top cushion (with a half-moon-shaped 
cutout for the down leg) placed beneath the operative side 
helps to stabilize the leg during the approach (FIG 3A-C). 


=" A hip drape with a sterile side bag is used, which will cap- 
ture the leg during the dislocation maneuver (FIG 3D), 


Approach 


=" The approach consists of an anterior dislocation through a 
Kocher-Langenbeck or a Gibson approach with a trochanteric 
flip osteotomy (FIG 4A,B). 
=" A Kocher-Langenbeck incision is followed by splitting the 
gluteus maximus muscle. 
= The abductors and gluteus maximus muscles can be spared 
by performing a Gibson approach, which proceeds between 
the gluteus medius and maximus (FIG 4C,D).° 
= The Gibson approach may result in less hip extensor dys- 
function but may make anterior exposure more difficult. 
=" A Z-shaped capsulotomy is made to allow entry to the 
hip joint while protecting the deep branch of the MFCA 
(FIG 4E).” 





FIG 3 e A-C. The patient is positioned full lateral on a pegboard. Before patient preparation, the surgeon should en- 
sure that the leg can be flexed and adducted fully and is not blocked by the anterior inferior peg. D. Position of the 
leg in the sterile leg holder after dislocation. The hip is flexed, adducted, and externally rotated. 
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FIG 4 ° A,B. The trochanteric osteotomy with the at- 
tached vastus lateralis and gluteus medius. The ten- 
don of the piriformis (arrow) remains attached to the 
stable trochanteric base. C,D. The Kocher-Langenback 
approach splits the gluteus maximus while the Gibson 
approach spares the gluteus maximus by using the 
plane between it and the gluteus medius. E. Path of 
the Z-shaped capsulotomy (solid line). The limb along 
x the posterior aspect of the acetabulum protects the 
siveleitliiccate entry of the terminal branches of the medial femoral 
base circumflex artery (white dashed line) and allows access 
Wy to the hip joint and femoral head (black dashed line). 





SURGICAL HIP DISLOCATION BY A TRANSTROCHANTERIC APPROACH 


Approach to Hip Capsule = The proximal 4 to 5 cm of fascia of the vastus lateralis 


is incised and the vastus muscle fibers are reflected 
anteriorly. 

= The gluteus maximus, along with the fascia of the glu- 
teus medius, which is left on the undersurface of the glu- 
teus maximus for protection, is reflected posteriorly to 
expose the gluteus medius and insertion. 

= A 1-to 1.5-cm-thick trochanteric osteotomy is made with 
an oscillating saw, leaving the piriformis tendon and 


= A longitudinal lateral incision is made, centered over the 
junction between the anterior and middle thirds of the 
greater trochanter (TECH FIG 1A). 

= The fascia lata is split distally in line with the incision. The 
proximal dissection progresses through the interval be- 
tween the anterior edge of the gluteus maximus and the 
tensor (TECH FIG 1B). 
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TECH FIG 1 © A. The proposed incision after the patient is prepared and draped. B. The Gibson approach is between 
the gluteus maximus and medius. Note the trochanteric branches of the medial femoral circumflex artery on the 
greater trochanter (black arrow). C. The trochanteric osteotomy is made with an oscillating saw. D. The fascia over the 
piriformis tendon (bottom arrow) is divided to develop the interval between it and the capsular minimus (top arrow). 
E. A 1- to 1.5-cm trochanteric wafer is lifted anteriorly with the gluteus medius and vastus lateralis left attached. F. The 
anterior capsule is completely exposed before the arthrotomy is made. 


short external rotators intact on the remaining base of 
the greater trochanter (TECH FIG 1C). 
The fascia overlying the piriformis tendon is incised to 
identify the tendon and the interval between the piri- 
formis and capsular minimus muscles (TECH FIG 1D). 
The trochanteric wafer is next reflected and flipped an- 
teriorly with its attached sleeve of vastus lateralis and 
the gluteus medius (TECH FIG 1E). 
The capsular minimus is elevated in an anterior direction 
off the hip capsule by carefully dissecting in the interval 
between the posterior edge of the capsular minimus and 
the piriformis tendon (TECH FIG 1F). 
= An assistant may use a right-angled retractor to assist 
with the exposure of the capsule. 


= Progressive hip flexion, external rotation, and adduc- 
tion further aid the exposure. 

The hip capsule is exposed up to the rim of the 

acetabulum. 


Hip Arthrotomy and Dislocation 


A Z-shaped capsulotomy is then performed, with the lon- 

gitudinal arm of the Z in line with the anterior neck of 

the femur. 

= The distal arm of the capsulotomy extends anteriorly 
well proximal to the lesser trochanter. 

= The proximal arm is extended posteriorly along the 
acetabular rim, just distal to the labrum and well 
proximal to the retinacular branches of the MFCA 





TECH FIG 2 « The longitudinal limb of the capsulotomy is 
first made. This will allow visualization and prevent inadver- 
tent cutting of the labrum while the posterior limb of the 
capsulotomy is made. 


entering the capsule posteriorly to supply the femoral 
head (TECH FIG 2). 
= Depending on the pathology, the hip is brought through 
a range of motion to determine areas of impingement in 
a dynamic fashion. 
= The leg is then placed in the sterile side bag, flexed, ex- 
ternally rotated, and adducted while the hip is sublux- 
ated anteriorly through the arthrotomy. 
" A bone hook placed around the anterior femoral 
neck may be needed to subluxate the hip. 
=" The ligamentum teres is then divided using curved 
meniscus scissors to allow full dislocation of the hip. 


Dynamic Assessment and 
Osteoplasty 


= The entire femoral head and acetabulum can now be as- 
sessed for chondral flaps or labral tears, which can be re- 
paired using suture anchors spaced about 7 to 10 mm 
apart or débrided. 
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TECH FIG 4 e The trochanteric osteotomy is fixed with two or 
three 3.5-mm screws. 


= The aspherical segment of the femoral head at the 
head—-neck junction can be resected using a quarter-inch 
osteotome and rongeur (TECH FIG 3A,B). 

a After re-establishing sphericity of the femoral head, the 
hip is reduced and the results of the débridement are as- 
sessed by bringing the hip through a range of motion 
and confirming the relief of impingement and improve- 
ment in range of motion. 

a Intraoperative fluoroscopy showing a lateral of the hip 
in 90 degrees of flexion will determine if the femoral 
head—neck offset has been re-established (TECH 
FIG 3C). 


Osteotomy Fixation 


= The trochanteric wafer is reduced and held in position 
with a towel clip. 

= Three 3.5-mm small fragment screws are placed to secure 
the trochanter. Fluoroscopy confirms reduction and fixa- 
tion of the osteotomy (TECH FIG 4). 





TECH FIG 3 © A. The hips have been dislocated and the lack of femoral head—neck offset as well as the cartilage damage is 
readily apparent (black arrow). B. The femoral head—neck offset has been restored, eliminating the cam-type femoroacetab- 
ular impingement. C. The black arrow shows the restoration of the femoral head—neck offset (compare with Fig 2B). 
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= Alternatively, 4.0 cannulated screws may be used and 
guidewire position confirmed radiographically before 
screw insertion. 


Closure 


= The Z-shaped capsulotomy is loosely repaired using ab- 
sorbable 2-0 suture (TECH FIG 5). 

= The fascia of the vastus lateralis is closed with a run- 
ning absorbable suture. The fascia lata and the fascia 
between the tensor and gluteus maximus are reapprox- 
imated. 

= Skin is closed in routine fashion. 


TECH FIG 5 e The Z-shaped capsulotomy is loosely reapproxi- 


mated with absorbable suture. 








PEARLS AND PITFALLS 





Indications = A complete history and physical exami 


nation should be performed. 


# All associated pathology should be addressed. 


Approach = Exposure may be easier when the glut 


eus Maximus is split as opposed to the Gibson approach. 


Trochanteric osteotomy = A small muscular cuff of gluteus medius may be left on the stable trochanteric base so the blood sup- 
ply from the medial femoral circumflex artery is not disrupted. 


= After scoring the greater trochanter, t 
to safely assess the size of the wafer. 
Heterotopic ossification = lf a large portion of capsular minimus 
velop heterotopic ossification. 


Femoral neck fracture = Aggressive resection of the bone at th 
retically cause a fracture during reloca 


POSTOPERATIVE CARE 


= The hip is held flexed and in neutral rotation by placing two 
pillows under the leg and one under the greater trochanter. 

= The patient is placed in a continuous passive motion machine 
for 6 hours a day, set from 30 to 80 degrees of flexion. 

=" Prophylaxis for deep venous thrombosis is individualized; 
however, all patients should be started on mechanical com- 
pression devices immediately. 

= After the epidural is removed, out-of-bed ambulation is per- 
mitted with one-sixth body weight partial weight bearing. 

=" Range-of-motion exercises are started, but care is taken to 
protect the greater trochanter osteotomy by limiting adduc- 
tion to midline, and avoiding resisted abduction exercises for 
6 weeks. 

=" Some patients may benefit from heterotopic ossification 
prophylaxis using indomethacin. 

=" AP view of the pelvis or hip and true lateral hip radi- 
ographs are obtained 6 weeks postoperatively. Weight bear- 
ing is increased to full and hip-strengthening exercises are 
prescribed. 


he full thickness of the trochanter should first be cut anteriorly 
is left on the capsule during the dissection, the patient may de- 


e femoral head—-neck junction can weaken the bone and theo- 
tion or dislocation of the hip. 


OUTCOMES 


=" Ganz’ has performed over 1200 surgical hip dislocations 
with no cases of osteonecrosis reported. 

=" Generally, outcomes are excellent if the correct pathology 
is addressed in a joint without significant pre-existing 
arthrosis. 

= In a clinical assessment in adults by Murphy et al® using 
the Merle d’Aubigne scale, hip scores improved significantly. 


COMPLICATIONS 


= Avascular necrosis of the femoral head can occur if care is 
not taken to follow the technique and to preserve the retinac- 
ular vessels. 

=" Femoral neck fracture if the femoral head—neck junction is 
aggressively débrided 

= Sciatic or femoral nerve neurapraxia 

Greater trochanteric nonunion 

Heterotopic ossification 

Repeat labral tear 


a 
a 
a 
" Continued arthrosis of the joint 
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DEFINITION 


=" Coxa vara is a deformity of the proximal femur associated 
with a neck-shaft angle (NSA) of less than 110 degrees.’” 

=" Developmental coxa vara, also referred to as cervical or in- 
fantile coxa vara, is not present at birth, but rather develops in 
early childhood. 

" This is a rare disease entity with a worldwide incidence of 

1 in 25,000 live births. 

= This form has not been connected to an increased associ- 

ation with other musculoskeletal abnormalities. 

" The varus deformity does frequently progress with time. 
= This entity must be distinguished from other forms of coxa 
vara, such as congenital or acquired. 

" As opposed to developmental coxa vara, the congenital 
form is present at birth. It is presumed to be caused by an 
embryonic limb bud abnormality, is associated with an in- 
creased incidence of musculoskeletal abnormalities and sig- 
nificant limb-length discrepancy (LLD), and shows minimal 
progression with growth. 

" The acquired forms of coxa vara are secondary to under- 

lying disorders (eg, metabolic, traumatic, tumors). 


ANATOMY 


=" Growth of the proximal femur occurs at the proximal 
femoral physeal plate, the femoral neck isthmus, and the 
greater trochanteric apophysis. 

=" The growth at these sites determines the size and shape of 
the proximal femur, specifically the length of the proximal 
femur and the NSA. 

= Any injury to the proximal physis will result in a varus de- 
formity owing to continued growth of the femoral neck and 
trochanter.* 

= Between 3 and 6 months of age, the capital femoral epiphy- 
seal ossification center may be seen. 

= The trochanteric secondary center of ossification begins to 
ossify at 4 years of age. 

=" The NSA normally progresses to a more varus position with 
growth, starting at approximately 150 degrees at birth and 
finishing near 120 degrees at full maturity. 


PATHOGENESIS 


= The exact cause of developmental coxa vara is unknown. 

= An attractive theory, proposed by Pylkkanen,* postulates that 
the varus deformity is due to a primary ossification defect in the 
medial femoral neck that results in a more vertical physis. 

" Dystrophic bone forms on the medial aspect of the femoral 
neck, 

=" The physiologic shearing stresses that occur during weight 
bearing fatigue the dystrophic bone in the medial femoral 
neck, resulting in progressive varus.*® 

= Biopsies of the proximal femoral physis reveal findings simi- 
lar to those seen in the proximal tibia in patients with Blount’s 
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disease or the proximal femoral physis in patients with meta- 
physeal chondrodysplasia (Schmid type),° revealing an enlarged 
growth plate with disorganized islands of cartilage in relatively 
reduced numbers." 

= No evidence of osteonecrosis was seen. 


NATURAL HISTORY 


= As described by Weinstein et al,'* the most reliable factor 
for progression is the Hilgenreiner—-epiphyseal angle (HEA), 
measured between the line of Hilgenreiner and a line parallel 
to the proximal femoral physis (FIG 1). 
= Patients whose HEA is more than 60 degrees will invariably 
progress. 
" The increased varus and retroversion can cause a cam-type 
impingement. 
" This will then lead to premature degenerative arthritis 
with progressive pain and disability. 
= Tf left untreated, the decreased NSA may eventually create 
too great a strain on the femoral neck, leading to a stress 
fracture of the femoral neck and eventual nonunion. 
= Patients with an HEA between 45 and 60 degrees have a less 
defined prognosis and must be followed for progression of 
varus deformity or increased symptoms. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Developmental coxa vara is typically discovered sometime 
between the initiation of ambulation and 6 years of age.’’ 

= Patients commonly present with a progressive painless limp. 
= Pain is an uncommon finding. 





FIG 1 © Hilgenreiner-epiphyseal angle. This is the angle formed 
by crossing the line of Hilgenreiner with a line parallel to the 
proximal femoral physis. This angle is thought to be the best 
predictor of progression and postoperative recurrence. 
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= Ifa unilateral abnormality is present, the limp will be due to 
abductor weakness, as well as a minor LLD (usually less than 
2.5 cm). 
=" When present bilaterally, the patient will present with a 
waddling gait associated with increased lumbar lordosis, sim- 
ilar to what is seen in ambulatory children with bilaterally 
dislocated hips. 
" As opposed to patients with dislocated hips, however, no 
telescoping or signs of instability should be noted.°»**'° 
= The greater trochanter may be prominent and elevated. 
=" Because the abductors are not at their optimal length, they 
will eventually weaken, leading to easy fatigability and muscle 
aching. 
= Abductor weakness may also lead to the development of 
a Trendelenburg gait. 
=" Hip motion is typically limited (mostly abduction and inter- 
nal rotation). 
= Additionally, hip flexion may be restricted secondary to 
impingement. 
= Physical examination should include several range-of-motion 
tests. 
" Passive abduction: Varus deformity may lead to decreased 
ability to abduct. Normal full abduction is 40 degrees. 
" Passive internal rotation: Decreased internal rotation may 
be secondary to retroversion or impingement. 
= Internal rotation is variable, but at least 20 degrees is 
expected. 
= Passive flexion: Loss of flexion may result from femoroac- 
etabular impingement. Normal full flexion is 120 degrees. 


= A positive Trendelenburg sign—tilting of the pelvis down 
toward the nonstance leg—indicates abductor weakness. 

=" LLD may indicate growth disturbance of the proximal 
femur. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Evaluation consists primarily of an AP radiograph of the 
pelvis (FIG 2A). 
" The NSA is substantially decreased, often less than 90 
degrees. 
" The proximal femoral physis is wider and more vertical, 
with a triangular metaphyseal fragment in the inferior neck 
surrounded by physis, giving an inverted Y pattern—the 
sine qua non of developmental coxa vara. 
=" Also notable are decreased femoral anteversion, coxa 
breva, and possible mild acetabular dysplasia. 
=" A frog-leg lateral radiograph (FIG 2B) as well as a CT 
(FIG 2C,D) or MRI may also be obtained to provide more 
information. 


DIFFERENTIAL DIAGNOSIS 


=" Congenital coxa vara 
=" Proximal femoral focal deficiency 
= Skeletal dysplasia 
= Cleidocranial dysostosis 
" Metaphyseal dysostosis (Jansen type) 
" Spondylometaphyseal dysplasia (Kozlowski type) 





FIG 2 © A. AP pelvic radiograph. This film shows the classic appearance of developmental coxa vara 
on the right side. Compared with the normal left hip, notice the decreased neck-shaft angle; the 
more vertical, widened physis; the inverted-Y pattern; the coxa breva; and the mild acetabular dys- 
plasia. B. A frog-leg lateral radiograph helps to show some of the femoral retrotilt that is present. 
C. The retrotilt is even more evident on an axial CT. D. A 3D CT reconstruction gives a more de- 
tailed picture of the deformity and better shows the pathology of the proximal femoral physis, in- 
cluding the triangular metaphyseal fragment. 





554 Section VIII HIP 


= Avascular necrosis 
= After reduction for developmental hip dislocation 
" Trauma (femoral neck fracture or hip dislocation) 
" Septic joint 
" Slipped capital femoral epiphysis 
= Pathologic bone condition 
" Fibrous dysplasia 
" Osteogenesis imperfecta 
= Renal osteodystrophy 
= Osteopetrosis 


SURGICAL MANAGEMENT 


= Patients with an HEA greater than 60 degrees are candidates 
for surgical intervention, as are patients with an HEA greater 
than 45 degrees who are symptomatic (limp or progressive 


deformity). 


Preoperative Planning 


=" Clinically assess range of motion (ROM) and LLD. 
= Review all images. 





EXPOSURE 


The fascia lata is split longitudinally. 

The vastus lateralis fascia is incised longitudinally about 
5 to 10 mm anterior to the intermuscular septum and is 
elevated atraumatically from the femur. 

This muscle is then released proximally from the femur 
with a transverse incision just below the level of the 
greater trochanteric apophysis. 


Three Kirschner wires (7/64-inch are most common) 

are inserted in parallel (TECH FIG 1A), lined up in a 

transverse fashion, up the middle of the neck.!''3 

The lateral cortex is entered 5 to 10 mm distal to the 

trochanteric apophysis, and the wires are directed up the 

neck in parallel and advanced into the femoral head. 

= Starting more proximally allows for more lateraliza- 
tion of the femoral shaft. 

= The starting point may be more anterior if there is in- 
creased retroversion. 

The three Kirschner wires are then bent to the desired 

angle of correction determined preoperatively (typically 

about 160 degrees) and rotated proximally to be out of 

the way (TECH FIG 1B,C). 

An additional Kirschner wire is inserted at the level of 

the lesser trochanter perpendicular to the shaft to act as 

a guide for the osteotomy. 

A bone tenaculum is placed on the greater trochanter 

to allow for control of the proximal fragment after the 

osteotomy. 

Two bone cuts are made parallel to the Kirschner wire, 

about 5 mm on either side of the wire, and then this 

cylindrical segment is removed (TECH FIG 1D). 

= This allows for some shortening to relieve pressure on 


= Determine the desired alignment (version, NSA, offset). 

=" Choose implant type based on patient age and size. 
" Kirschner wire: for dwarves or children up to 4 years of 
age with bones too small for a plate 
=" Custom-made high-angle blade plate: used for older chil- 
dren with bones too large for the Kirschner wire technique 
=" Wagner plate: an alternative plate for patients with bones 
too big for the Kirschner wire technique when a custom- 
made high-angle blade plate is not accessible 


Positioning 

= The patient is supine on a radiolucent table with a folded 

blanket beneath the pelvis. 
" This elevation allows more room for movement, espe- 
cially when working posteriorly or when trying to drop your 
hand to aim anteriorly. 


Approach 


=" The standard lateral approach to the proximal femur is 
used, 


= The periosteum is incised along the anterolateral femur 
and subperiosteal dissection is performed circumferen- 
tially just proximal to the level of the lesser trochanter. 
The anterior neck is visualized to assess femoral version. 
The bone is scored longitudinally with an electrocautery 
or saw, or Kirschner wires can be placed proximal and 
distal to the osteotomy site to assess rotation after the 
osteotomy has been performed. 


VALGUS OSTEOTOMY USING MULTIPLE KIRSCHNER WIRE FIXATION 


the femoral head and to reduce medial soft tissue 
tension. 
= The thick medial periosteum must be divided to allow for 
valgus correction and lateralization of the shaft. 
= The lateral cortex of the proximal fragment is abraded 
with the saw or with a burr to promote healing. 
= ~§=6 Trial reduction is attempted by gently pushing down on 
the Kirschner wires (without stressing the Kirschner wires 
to prevent pullout) to adduct the proximal fragment 
while abducting and translocating the distal fragment. 
= The three Kirschner wires are then rotated distally and 
brought down to the shaft so that the lateral cortex of 
the proximal fragment lies on or is impacted into the 
proximal end of the distal fragment (TECH FIG 1E). 
= The fragments are temporarily stabilized by holding 
down the Kirschner wires to the lateral cortex of the dis- 
tal fragment with a Verbrugge clamp. 
=" An interfragmentary Kirschner wire may be inserted 
for added stability. 
= The Kirschner wires are then definitively secured to the 
shaft with a cerclage wire, a small semitubular plate, or 
both. 
= The vastus lateralis should be sutured securely to the 
greater trochanter to provide a lateral tension band. 
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TECH FIG 1 © Multiple Kirschner wire fixation. A. Insertion of 
three Kirschner wires. B. Bending Kirschner wires to desired angle. 
C. Rotating the three wires out of the way to make room for the 
osteotomy. D. The osteotomy cuts. E. Reduction of the proximal 
fragment on the shaft. Inserting the Kirschner wires more proxi- 
mally would allow for more lateralization of the shaft. 


VALGUS OSTEOTOMY USING WAGNER PLATE FIXATION 





A Kirschner wire is inserted just proximal to the proposed 
insertion site parallel to the planned angle of the plate. 
The 115-degree Wagner plate is impacted through the 
lateral cortex of the femur, starting just above the level 
of the trochanteric apophysis and aiming toward the in- 
ferior aspect of the neck, at a preoperatively determined 
angle (TECH FIG 2). 
=" Starting more proximally allows for more lateraliza- 
tion of the femoral shaft. 
A Kirschner wire is inserted at the level of the lesser 
trochanter perpendicular to the shaft to act as a guide 
for the osteotomy. 
A bone tenaculum is placed on the greater trochanter 
to allow for control of the proximal fragment after the 
osteotomy. 


Two bone cuts are made parallel to the Kirschner wire, 

about 5 mm on either side of the wire, and then this 

cylindrical segment is removed. 

=" This allows for some shortening to relieve pressure on 
the femoral head. 

The thick medial periosteum must be divided to allow for 

valgus correction and lateralization of the shaft. 

Reduction should be attempted without stressing fixa- 

tion (prevents pullout). 

The lateral cortex of the proximal fragment is abraded 

with the saw or with a burr to promote healing. 

The plate is then brought down to the shaft so that the 

lateral cortex of the proximal fragment lies on or is im- 

pacted into the end of the distal fragment and is secured 

with two screws. 

An interfragmentary screw may be inserted for added 

stability. 

The vastus lateralis should be sutured securely to the 

greater trochanter to provide a lateral tension band. 


TECH FIG 2 ® Wagner plate fixation. Insertion of the plate 
parallel to the proximal guidewire. 
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A Kirschner wire is inserted just proximal to the proposed 

insertion site parallel to the planned angle of the plate. 

The blade plate chisel is impacted through the lateral cor- 

tex of the femur, starting just above the level of the 

trochanteric apophysis and aiming toward the inferior as- 

pect of the neck, at a preoperatively determined angle. 

=™ Starting more proximally allows for more lateraliza- 
tion of the femoral shaft. 

A Kirschner wire is inserted at the level of the lesser 

trochanter perpendicular to the shaft to act as a guide 

for the osteotomy. 

A bone tenaculum is placed on the greater trochanter 

to allow for control of the proximal fragment after the 

osteotomy. 

Two bone cuts are made parallel to the Kirschner wire, 

about 5 mm on either side of the wire, and then this 

cylindrical segment is removed. 


PEARLS AND PITFALLS 


VALGUS OSTEOTOMY USING ADOLESCENT BLADE PLATE FIXATION 


= This allows for some shortening to relieve pressure on 
the femoral head. 

= The thick medial periosteum must be divided to allow for 
valgus correction and lateralization of the shaft. 

= Reduction is attempted without stressing the plate (pre- 
vents pullout). 

= The lateral cortex of the proximal fragment is abraded 
with the saw or with a burr to promote healing. 

= The plate is then brought down to the shaft so that the 
lateral cortex of the proximal fragment lies on or is im- 
pacted into the end of the distal fragment and is secured 
with screws. 

= An interfragmentary screw may be inserted for added 
stability. 

= The vastus lateralis should be sutured securely to the 
greater trochanter to provide a lateral tension band. 





Implant choice 


Positioning 


Instrumentation placement 


Achievement of correction 


Avoiding pullout 


= The Kirschner wire technique should be used for patients with smaller bone, who would not be 


able to accommodate a larger plate. 


= Placing a folded blanket beneath th 
maneuver. 


ization of the femoral shaft. 


e pelvis to elevate the patient off the bed allows more room to 


= Insertion of the fixation device more proximally in the proximal fragment allows for more lateral- 


= Insertion more anteriorly accounts for any retroversion of the neck. 


be achieved and the risk of implant 


= Removal of a segment of bone allows for less soft tissue tension so that the valgus correction can 


failure can be minimized. 


® Dividing the thick medial periosteum allows more freedom of motion to achieve valgus correction 


and lateralization of the shaft. 


pullout. 


POSTOPERATIVE CARE 


=" Radiographs are evaluated to ensure that instrument place- 
ment and alignment are appropriate. 

=" The child is placed in a well-padded spica cast for 4 to 6 
weeks or until bony healing is evident. 


OUTCOMES 


=" If adequate valgus is achieved, the triangular defect will 
spontaneously close by 3 to 6 months after surgery in nearly 
all patients.” 

= Fifty percent to 89% of operated hips sustain a premature 
closure of the proximal femoral physis, which occurs 1 to 2 
years postoperatively and has not been found to correlate with 
patient age, surgical trauma, or degree of valgus.*’ 

= Recurrence has been reported in 30% to 70% of patients, 
though correction of the HEA to less than 38 degrees has been 
shown to have a 95% success rate.” 

= These patients must be monitored for recurrent varus de- 
formity or significant LLD that may require further surgical 
intervention. 


® An initial reduction should be attempted without placing pressure on the fixation device to avoid 


COMPLICATIONS 


™ Recurrence 

=" Proximal femoral physeal closure 
= Avascular necrosis 

= Implant failure 

=" Infection 
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Valgus Osteotomy for Perthes 
Disease 


Ellen M. Raney 


DEFINITION 


=" Valgus osteotomy for Legg-Calvé-Perthes disease (Perthes 
disease) is a salvage operation. It is designed for those hips in 
which the primary goal of containment is no longer possible 
owing to hinge abduction. The following sections are focused 
on hips that have developed hinge abduction rather than a 
complete discussion of Perthes disease. 

=" The valgus osteotomy relieves the hinging and improves 
congruency of the hip joint. 


ANATOMY 


=" A femoral head with normal anatomy moves concentrically 
within the acetabulum. The lateral aspect of the femoral head 
glides under the acetabulum with abduction. 

= In severe Perthes disease with significant deformity of the 
femoral head, the lateral aspect of the head may impinge on 
the acetabulum with attempted abduction. Continued abduc- 
tion creates a lateral hinge, which pulls the inferomedial por- 
tion of the head away from the acetabulum.* 


PATHOGENESIS 


=" Hinge abduction is a consequence of several contributing 
factors. 
= Early in the process of Perthes disease there is cartilaginous 
overgrowth laterally and anteriorly. Later, during the healing 
process, this cartilage ossifies, contributing to the ridge of lat- 
eral bone. 
=" Osteonecrosis of the bony epiphysis of the femoral head 
leads to recurrent subchondral fractures. 
= These fractures are associated with a loss of epiphyseal 
height and a change in shape from round to oval. 
" Fragmented portions of the epiphysis may be extruded 
laterally. 
= With collapse, the femoral head migrates proximally and 
laterally, progressively uncovering the lateral aspect of the 
femoral head. 
=" Catterall’s description of “head at risk signs” identified four 
radiographic findings associated with the later development of 
hinge abduction.” 
" A lytic area on the lateral aspect of the epiphysis known 
as Gage’s sign” 
" Calcification lateral to the epiphysis 
" Lateral subluxation of the femoral head 
" A horizontal orientation of the physeal line (as opposed to 
the normal more medial inclination) 
=" Hinge abduction is also seen in osteonecrosis of other causes 
but is commonly associated with Perthes disease. 


NATURAL HISTORY 


= At maturity, patients with unrelieved hinge abduction would 
generally be classified as Stulberg category IV (flattened femoral 
head with congruent acetabulum) or category V (flattened 


998 


femoral head with a round acetabulum), both of which have 
been found to be associated with early-onset osteoarthritis.” 
= Patients with hinge abduction often develop pain in the sec- 


ond decade of life. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Patients typically have pain with activity that is relieved by 
rest. 

=" The most notable physical finding is limited abduction of 
the hip. Often the patients are unable to abduct the hip to neu- 
tral. Attempted abduction is painful. 

= There is generally 1 to 2 cm of shortening. 

= Patients walk with an antalgic gait with the hip in adduction. 
= A positive Trendelenburg sign indicates weakness of the hip 
abductor mechanism, which is unable to stabilize the pelvis. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Gross hinge abduction may be visualized on plain radi- 
ographs (FIG 1A,B). 

=" On arthrogram, visualization of pooling of dye medially 
with abduction of the hip is considered diagnostic. The arthro- 
gram is studied in anteroposterior (AP) and lateral projections 
with abduction, adduction, and internal and external rotation 
to determine the position that maximizes congruency and re- 
lieves impingement (FIG 1C,D), 


DIFFERENTIAL DIAGNOSIS 


= Impingement from relative trochanteric overgrowth 
=" Subchondral fracture 


NONOPERATIVE MANAGEMENT 


= Perthes disease often does not require any intervention. 

= Treatment strategies early in the course of the disease should 
focus on containment of the femoral head in the acetabulum 
and preservation of the range of motion. 

= Patients with hinge abduction have pain with activity. 

= If hinge abduction is seen on radiographs but the patient is 
symptom-free, an osteotomy would still improve the progno- 
sis. In that scenario it would be reasonable to wait until the pa- 
tient is symptomatic. 


SURGICAL MANAGEMENT 


= The valgus osteotomy is considered a salvage operation for 
late cases in which the femoral head has developed a lateral 
ridge that can no longer be brought under the acetabulum. 


Preoperative Planning 


= The arthrogram is reviewed. Extension, flexion, or rotation 
may be required in addition to valgus to fully relieve impinge- 
ment and maximize congruency. 
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= Preoperative templating is essential. 
= The template is rotated into abduction to check for lateral 
impingement. 
" The amount of valgus required to allow at least 10 de- 
grees of abduction without lateral impingement is measured. 
Usually about 20 degrees of correction is required. 
= The oblique limb of the osteotomy should be just below 
the lesser trochanter. 
" Placing the transverse limb distally will bring the com- 
pleted osteotomy parallel to the ground when the patient is 
standing. 
= Fixation should also be drawn on the template. 
" I prefer a 120-degree blade plate with a lateral stepoff, 
which provides medialization of the distal fragment (FIG 2). 
" The placement of the blade plate, rather than the saw 
cuts, will dictate the final position of the osteotomy. 
=" To calculate the angle for insertion of the blade plate rela- 
tive to the femoral shaft, the angle of the planned correction is 
subtracted from 120 degrees. 
=" Example: For a desired 20 degrees of valgus correction, 
the blade is inserted at 100 degrees from the shaft. With 
the blade at 100 degrees, the shaft must come into 20 de- 
grees of valgus to accommodate a 120-degree fixed-angle 
blade plate. 
" The blade plate should occupy 50% to 75% of the width 
of the femoral neck on the lateral projection for optimum 
strength. 





FIG 1° A. Radiograph demonstrates a lateral prominence of the 
femoral head impinging on the acetabulum. B. Lateral radiograph 
demonstrates anterior impingement. In a different patient. 

(C) Arthrograms show hinge abduction with medial dye pool and 
improved congruency in adduction (D). 


Positioning 

= The patient is placed supine on a radiolucent surgical table 
with a soft bump under the affected hip. 

= The surgeon should check that sufficient AP and lateral ra- 
diographs can be obtained. 

Approach 

= The lateral approach to the hip is used. 
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FIG 2 © Two 120-degree blade plates with offset. The cannu- 
lated blade plate (/eft) was contoured to reach 120 degrees. 
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EXPOSURE 


= The fascia lata is split in line with the fibers over the pal- 
pated lateral border of the femur. 

= The vastus lateralis is elevated from the intermuscular sep- 
tum. Perforating vessels are identified and cauterized. 

=  Proximally, the fascia of the vastus lateralis is opened an- 
teriorly with the electrocautery along the vastus ridge, 
creating an L shape (TECH FIG 1). 

= The femur is exposed subperiosteally. The exposure 
should be extended sufficiently distal to allow removal of 
the previously measured segment of bone and the appli- 
cation of a plate. 


Greater 
trochanter 


Gluteus 
medius 


Incision 





TECH FIG 1 « Line of incision in vastus lateralis. 


VALGUS OSTEOTOMY OF THE FEMUR USING A CANNULATED BLADE PLATE 


Guidewire Placement 


= If using a cannulated blade plate (Smith and Nephew, 
Memphis, TN), a guidewire is inserted in the proposed lo- 
cation for the blade. 

= To insert the wire at the proposed angle, a premeasured 
triangle equal to the supplement of the desired angle of 
insertion is held against the lateral aspect of the femur. 
= To use the previous example, 180 — 100 = 80 degrees 

(TECH FIG 2A). 

= Inthe lateral plane, the wire should parallel the proposed 
track of the blade plate (ie, centered in the femoral neck) 
(TECH FIG 2B). 
The length of the inserted guidewire is measured. 
The guidewire is inserted further than the templated 
blade plate depth. 





TECH FIG 2 « A. Example of guidewire insertion for desired 
20-degree correction. The wire is inserted at a 100-degree 
angle from the shaft, and an 80-degree triangle is held 
against the shaft to visualize the angle. B. Guidewire inserted 
at midpoint (AP plane). 


Chisel Insertion 


= The chisel is inserted parallel to the guidewire in the AP 
and lateral planes (TECH FIG 3A). 
= For pure valgus, the chisel is perpendicular to the lat- 

eral shaft of the femur (TECH FIG 3B). 

= To add extension or flexion, the chisel is rotated posteri- 
orly or anteriorly from perpendicular, respectively. The de- 
sired amount of flexion or extension should be marked on 
the bone (TECH FIG 3C). 





Center shaft 
of femor 


Angle of desired 
extension 





TECH FIG3 « A. Chisel inserted along guidewire. B. Chisel in- 
serted perpendicular to shaft for pure valgus. C. Chisel di- 
rected posterior from axis of shaft to add extension. 


The chisel is frequently backed up during insertion to 
prevent incarceration. 

The path of the chisel is checked periodically with 
fluoroscopy. 

The chisel is backed up to loosen it before making the 
osteotomy. The surgeon should verify it has backed up 
by checking the depth measurement. 


Making the Osteotomy 


The proximal limb of the osteotomy should be planned 
as far distally from the base of the chisel as possible with- 
out interfering with the bend of the plate or the most 
proximal screw hole for plates without offset. This dis- 
tance is usually just under 10 mm but should be checked 
for each plate, as systems vary (TECH FIG 4A). 

A precut template wedge (a sterilized piece of a soda can 
works well) is used to mark the angle of the osteotomy. 
The length of lateral cortex to be removed is also mea- 
sured on the preoperative radiographs, but the measure- 
ment should be verified intraoperatively. 

A longitudinal mark for rotation is made along the 
femur before making any cuts. The mark should be long 
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enough not to be excised by the osteotomy. The mark 
should be well anterior to the plate so it will still be visi- 
ble while the plate is being applied. 

The proximal cut is parallel to the chisel in the lateral 
plane. This holds true whether the goal is pure valgus or 
valgus with extension-flexion. The distal cut is perpen- 
dicular to the shaft of the femur (TECH FIG 4B,C). 


Blade Plate Placement 


When the chisel is removed, it should be exchanged for 
the blade plate quickly as the proper orientation is eas- 
ily lost. 

The blade plate should be inserted by hand initially to 
prevent deviation from the desired path. 

The distal portion of the femur is reduced to the side 
plate and secured with a bone-reduction clamp. 
Rotation is confirmed using the previously placed orien- 
tation line. 

The side plate is secured to the femur using standard 
technique with the initial screws inserted in compression. 





TECH FIG 4° A. Angle of limbs of osteotomy in AP plane. The distal cut is transverse. B. In 
pure valgus, the osteotomy cuts are parallel in the lateral plane. C. For added extension, 
cuts are convergent anteriorly. Note proximal limb parallel to chisel in lateral plane. 


VALGUS OSTEOTOMY OF THE FEMUR USING A NONCANNULATED 
BLADE PLATE 


The technique using a noncannulated blade plate is the 

same with the exceptions that follow. 

With a solid blade plate, the guidewire should be in- 

serted parallel to the proposed course of the chisel 

(TECH FIG 5A). 

= The wire should be far enough away so that it does 
not interfere with the chisel but should be close 
enough to follow easily. 

This technique requires more frequent fluoroscopic im- 

ages during chisel insertion to be sure the guidewire is 

being followed in both the AP and lateral planes. When 





TECH FIG 5 « A. Solid system insert chisel parallel to guidewire. 
(continued) 
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Center of 
femoral shaft 





Amount of 
extension 


adding flexion or extension, at least one system (Synthes, 
Warsaw, IN) has a guide arm for the chisel that may be 
aimed posteriorly for extension or anteriorly for flexion 
(TECH FIG 5B,C). 

The guide arm is not sufficiently rigid to maintain the 
correct amount of valgus but is quite useful to visualize 
the flexion—extension plane. The desired amount of flex- 


ion or extension should be marked on the bone. 


= The solid blade plates are sharper and more easily devi- 
ate from the desired path when exchanging the chisel 


PEARLS AND PITFALLS 


Center of 





TECH FIG 5 e (continued) B. Guide arm of chisel is parallel to the femoral shaft for pure valgus. C. Guide arm of chisel par- 
allel to femoral shaft for pure valgus. 


for the blade plate. The guidewire must be followed 
carefully. 
=™ Radiographs are obtained before final seating to ensure 

the guidewire is being followed. 

= The surgeon should not attempt to move the leg 
into position for a lateral radiograph until the 
blade plate is inserted far enough to be secure. 
Performing this maneuver before there is adequate 
purchase will cause the blade plate to break out of 
the hole. 








Chisel incarceration 


= This can be prevented by frequently backing the chisel out. 


= The surgeon should be sure it really backs up. Check the markings. It is easy to be deceived. 


Loss of guidewire, cannulated 
system 


Loss of guidewire, noncannulated 
system 


Chisel insertion measurement 


FIG 3 © The surgeon should be clear about the 
marks on the measurement instrument being used. 
In this example, the surgeon should know which 
line indicates 40 mm. 


Osteotomy reduction, blade plate 
manipulation 


= The surgeon should verify before insertion whether the system being 
used puts the numbers above or below the hashmark (FIG 3). 


= This happens when the chisel is inserted past the end of the guidewire. 

= The surgeon should check with a radiograph while removing the chisel to verify the 
guidewire is staying in place. 

= This occurs when the chisel is inserted too close to the guidewire, destabilizing it. 





= The distal femur should be brought to the blade plate as much as possible. Excessive torque 
on the blade plate should be avoided. 


= The blade may break out of the proximal fragment, especially if insufficient distance was 
maintained between the bottom of the chisel and the osteotomy. 


POSTOPERATIVE CARE 


= Patients are allowed to bear weight as tolerated with crutches. 
Patients who are expected to be noncompliant with crutches 
and activity limitations are placed in a single-leg spica cast. 

= Elective hardware removal is controversial. I prefer hard- 
ware removal 1 to 2 years postoperatively or after bony union 
is obtained in patients in whom the likelihood of future 
surgery, including joint arthroplasty, is high. 


OUTCOMES 


= Three recent publications’*** reported subjectively satisfac- 
tory results (by varying standards) in 66% to 94% of patients 
at 5 to 10 years of follow-up. Average Iowa hip scores ranged 
from 86 to 93. Further hip surgery had been performed on 
10% to 20% of patients. 

= Two of the three recent articles noted no significant changes 
in the Sharp angle and percent coverage.'** One study noted a 
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significant difference in the percent coverage and superior joint 
space.° 

= Bankes et al’ reported two factors associated with favorable 
remodeling, both concerning the timing of surgery: when the 
osteotomies were carried out during the healing phase of 
Perthes disease, and when they were carried out in patients 
with open triradiate cartilages. 


COMPLICATIONS 


=" Nonunion is rare with the osteotomy in the immediate sub- 
trochanteric region. If the osteotomy is created more distally in 
the diaphyseal bone, nonunion may occur. 

= Hardware failure most commonly occurs via the blade plate 
breaking out of the proximal fragment, when too small of a 
bone bridge was preserved. 

=" Valgus osteotomy for Perthes disease is a salvage proce- 
dure. The desired outcome is to relieve pain and delay the 
progression of osteoarthritis. It is important to communicate 


preoperatively that the progression of osteoarthritis is not 
prevented. 
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Screw Fixation of the Slipped 


Capital Femoral Epiphysis 


Richard S. Davidson and Michelle S. Caird 


DEFINITION 


= Slipped capital femoral epiphysis (SCFE) is a common hip 
disorder in adolescents in which the neck and femur displace 
anterolaterally (most commonly into varus and extension) 
with respect to the proximal femoral epiphysis. 

=" SCFE can be classified as stable or unstable. A child with a 
stable SCFE has pain and a possible limp but is able to bear 
weight, whereas a child with an unstable SCFE is unable to 
bear weight even with crutches. A stable slip has a nearly 0% 
risk of osteonecrosis, but an unstable slip has a 50% risk of os- 
teonecrosis.’ 

= SCFEs have also been described by duration of symptoms as 
chronic (greater than 3 weeks of symptoms), acute (less than 
3 weeks of symptoms), or acute on chronic (longstanding mild 
symptoms with an increase in symptoms of less than 3 weeks’ 
duration). This latter classification correlates less well with the 
risks of avascular necrosis (AVN) and chondrolysis. 


ANATOMY 


=" The proximal femoral physis and epiphysis are located 
within the hip capsule. Although the proximal physis provides 
length and shape to the femoral neck, most SCFEs occur in 
adolescence, when little growth remains at this growth plate. 
=" The blood supply to the proximal femoral epiphysis comes 
from the medial femoral circumflex artery, which travels along 
the femoral neck. From the circumflex arise the lateral epiphy- 
seal vessels, which enter the epiphysis posterosuperiorly. Small 
contributions come from the vessels of the round ligament and 
the posterior inferior epiphyseal vessels off the medial femoral 
circumflex artery. Injury to this tenuous capsular blood supply 
can result in osteonecrosis. 


PATHOGENESIS 


=" In SCFE, the epiphysis stays within the acetabulum while 
the neck and distal femur slip (most commonly into extension 
and varus). 

= SCFE occurs more commonly in boys than girls (60% of pa- 
tients are boys). Most patients (up to 75%) are adolescents 
(boys 13.5 years, girls 12.0 years on average). Most patients 
are obese and in the 90th to 95th weight percentile for age. 
SCFE occurs bilaterally in about 25% of patients.° 

=" Biochemical factors likely play a role. Hormonal changes 
that occur during adolescent growth influence the strength of 
the physis.° 

=" Biomechanical factors also likely play a role. The physis in 
SCFE is subjected to higher shear force. The physis is more 
oblique during adolescence and in obese children; both factors 
increase shear in normal activities. The proximal femur is 
relatively retroverted in many cases of SCFE, which also 
increases the shear force on the physis. The reinforcing peri- 
chondral ring of the proximal physis also weakens with age 
until growth plate closure. 
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= If the physis of a SCFE patient is studied histologically, it 
will look widened, with abnormal chondrocyte maturation 
and endochondral ossification. The slip occurs mainly through 
the hypertrophic zone of the physis.* 

= Patients under age 10 years should be evaluated for an un- 
derlying endocrine abnormality, including hypothyroidism, 
renal osteodystrophy, and panhypopituitarism.*® 


NATURAL HISTORY 


=" The natural history of untreated SCFE and the ultimate out- 
come are difficult to predict, although it is widely accepted in 
adult reconstructive circles that most cases of degenerative hip 
arthritis are secondary to an underlying structural cause, such as 
SCFE. The risk of progression exists while the physis remains 
open. The slip severity increases with the duration of symptoms.” 
=" The development of degenerative joint disease is related to 
the severity of the slip.” 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= Physical examination methods include the following: 
= The resting position of the knee and foot is observed with 
the patient lying supine and it is compared to the other side. 
Excessive external rotation is a result of the slip. 
" Hip range of motion (ROM) between affected and normal 
sides (for stable SCFE only) is compared. Because of slip, the 
affected side has decreased flexion, abduction, and internal 
rotation of the hip. There may be guarding with ROM. 
" In SCFE that presents with knee pain, passive knee ROM 
is normal and effusion is absent. 
" In stable SCFE, the patient has an antalgic gait. The foot 
may be externally rotated. In unstable SCFE, the patient is 
unable to bear weight at all on the affected side. 
=" Patients complain of hip or groin pain, thigh pain, or knee 
pain, which may be exertional and usually occurs without a 
history of trauma. 
=" The patient may have a limp (stable slip) or frank inability 
to bear weight (unstable slip). 
=" Examination of the hip can reveal an externally rotated foot 
and knee, guarding of the hip with ROM, and decreased flex- 
ion and internal rotation of the hip. 
= Findings on the knee examination are normal. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


=" Plain radiographs of the pelvis, including anteroposterior 
(AP) and frog-leg lateral views, should be obtained in any pe- 
diatric patient with hip, thigh, or knee pain. 

= A widened physis on AP or lateral views can be an early sign 
of SCFE, 

=" The Klein line, which can demonstrate SCFE, is drawn 
along the neck of the femur, superiorly on the AP view. In a 
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FIG 1 © An AP radiograph of the pelvis shows the Klein line 
drawn on the left hip. The line does not cross the epiphysis, in- 
dicating the SCFE. (Copyright Richard S. Davidson, MD.) 


normal hip, this line should intersect the epiphysis, but in 
SCFE it will not cross the epiphysis (FIG 1). 
= The metaphyseal blanch sign of Steel is a crescent-shaped 
double density along the medial femoral neck where the 
slipped epiphysis overlaps the metaphysis on the radiograph. 
= Images of the contralateral hip should be scrutinized for ev- 
idence of bilateral SCFE. If present, both sides should be 
treated. 
= The severity of a SCFE can be described by displacement rel- 
ative to the width of the metaphysis”: 

= Mild: Less than one-third the width 

" Moderate: One-third to half the width 

= Severe: More than half the width 
= Another method of describing slip severity is measuring the 
difference between the epiphyseal shaft angle on each side’?: 

= Mild: Less than 30 degrees 

=" Moderate: 30 to 50 degrees 

" Severe: 50 degrees or greater 
= If the patient is under 10 years of age, underlying endocrine 
abnormalities should be investigated with laboratory studies, 
including thyroid function tests and basic chemistries. 


DIFFERENTIAL DIAGNOSIS 


SCFE 

Legg-Perthes disease 

Hip labral tear 

Femoral neck stress fracture 
Septic arthritis of the hip 
Knee derangement 

Greater trochanteric bursitis 


NONOPERATIVE MANAGEMENT 


=" Immobilization in a spica cast was the historical treatment 
but is no longer recommended for SCFE. 


=" Once SCFE is identified in any patient with an open physis, 
management is surgical to avoid further slippage and the pos- 
sible development of femoral head AVN. 


SURGICAL MANAGEMENT 


=" When SCFE is identified in a patient with an open physis, 
surgical management with percutaneous in situ cannulated 
screw fixation should be undertaken on an urgent basis if the 
slip is stable or on an emergent basis if unstable.’ There is a 
fair amount of evidence that the risk of AVN in unstable SCFE 
can be reduced if the hip is decompressed in some manner 
within 24 hours. 
=" Before surgery, the patient should remain strictly non- 
weight bearing on the affected leg. 
=" In unstable SCFE, reduction of the displacement is contro- 
versial. Reduction has been associated with osteonecrosis, 
but the unstable slip itself may be the more likely cause of 
osteonecrosis.’” 
" Because of the risk of contralateral slip, prophylactic pin- 
ning of the contralateral hip should be considered and dis- 
cussed with the patient and family, especially if the patient 
is under age 10 or has an endocrine abnormality. 


Preoperative Planning 


= All imaging studies are reviewed. The plain films of the con- 
tralateral hip should be scrutinized for evidence of early or 
clinically silent slip. 

=" Laboratory studies should be reviewed in patients under 10 
years of age. 

Positioning 

=" We place the patient supine on the radiolucent OR table 
with the entire affected leg prepared and draped free to the 
umbilicus. The ipsilateral arm is padded and positioned across 
the chest. 

= The fluoroscopy monitor is placed at the patient’s head and 
the C-arm unit is positioned for AP views of the hip from the 
contralateral side of the operating table. The hip is flexed 90 
degrees and abducted 45 degrees to obtain lateral views. Not 
using a fracture table allows multiple views to be sure that the 
guide pin and the bone screws do not penetrate the femoral 
head. 

=" Some surgeons prefer to perform in situ screw fixation on a 
fracture table. 


Approach 


=" In situ cannulated screw fixation of SCFE involves place- 
ment of the guidewire into the central third of the epiphysis 
perpendicular to the physis. This is followed by drilling and 
placement of the screw over the guidewire. Some screws are 
self-tapping and self-drilling. 

=" Careful examination of spot fluoroscopy images ensures 
that the screw tip is within the femoral head, as detailed in the 
Techniques section. 
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Section VIII HIP 


GUIDEWIRE PLACEMENT 


The goal of guidewire placement is to place the tip of 
the wire perpendicular to the physis in the middle third 
of the epiphysis, about 3 mm from the subchondral 
bone. Spacing of the screw threads can be measured 
(usually 1 mm) and compared on the image intensifica- 
tion screen as a ruler. For the most common SCFE (varus 
slip), the starting point is on the anterior neck to place 
the wire properly in the middle of the epiphysis. 


Determining the Course of the 
Guidewire 


Under image guidance (AP view with the image machine 
placed vertical), the hip is internally and externally ro- 
tated until the neck appears to be its longest. At this po- 
sition of rotation, the femoral neck is horizontal to the 
operating table and perpendicular to the image beam 
(TECH FIG 1A). 
A guidewire is placed on the anterior hip and image in- 
tensification is used to align the point of the wire over 
the center of the femoral head. The guidewire is then 
aligned along the neck (TECH FIG 1B). The skin is 
marked at the tip to identify the position of the center 
of the femoral head. 
=" The marker then follows the guidewire laterally to 
the lateral aspect of the femur. This line represents 
the course along which the guide pin for the bone 
screw will follow in the AP image (TECH FIG 1C). The 
marked line is drawn with a pen (TECH FIG 1D). 


Determining the Entry Point Along 
the Femoral Neck 


While we know that the femoral neck is following this 
marked line, the position of the femoral head in the 
sagittal plane is determined by flexing the hip 90 degrees 
and abducting the hip 45 degrees. A line is drawn on the 
image as a diameter of the femoral head, and then a line 
is drawn perpendicular to the diameter at its center rep- 
resenting the desired path of the bone screw in the sagit- 
tal plane (TECH FIG 2A). The angle this line makes with 
the femoral neck tells the position of the femoral head 
with respect to the end of the femoral neck. The position 
this line crosses the femoral neck line also defines the 
entry point for the guide pin along the femoral neck 
(TECH FIG 2B,C). The degree of slip of the epiphysis pos- 
teriorly with respect to the neck is estimated. 

Having taken the steps above, the surgeon has now de- 
termined how to make the femoral neck horizontal to 
the operating table and perpendicular to the image 
beam and has determined the angle that the femoral 
head is with respect to the end of the femoral neck and 
the entry point on the anterolateral neck for the guide 
pin and screw. 


Determining the Skin Entry Site 





The final issue for the surgeon to determine is where to 
enter the skin. The skin is like a circle around the hip. The 


TECH FIG 1 « Patient is supine on the op- 
erating table. A. The image intensifier is 
set for an AP view and an image is ob- 
tained. The hip to be operated on is ro- 
tated internally and externally until the 
length of the neck appears longest. The 
femoral neck is now horizontal. This posi- 
tion is maintained. B. A long guidewire is 
placed on the patient at the hip with 
the point centered on the center of the 
femoral head and the guidewire over the 
center of the neck. C. This is confirmed 
with an image view. D. An OR pen is used 
to mark the skin with this line. The 
femoral shaft is palpated laterally on this 
line; this point is marked as O degrees. 
The point over the femoral head is 
marked as 90 degrees. (A,C: Copyright 
Richard S. Davidson, MD.) 
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TECH FIG 2 « The hip is flexed 90 degrees and abducted 45 degrees. A. An 
AP image is obtained. B. The image shows the femoral neck and the dis- 
placed femoral head. C. The neck-to-head angle is measured, and the point 
at which a line through the center of the head and perpendicular to the 
physis intersects the neck is noted. This is the entry point for the guide pin 
and bone screw. (A: Copyright Richard S. Davidson, MD.) 

















Line perpendicular 
to central third of head 


Neck-to- 
head angle 






Line of 
neck 


Femoral shaft 


mark for the center of the femoral head is at 90 degrees " Helpful hint: This position can be obtained by taking 
and the lateral (palpable) femoral shaft is at 0 degrees a length of suture that goes from the femoral head 
(TECH FIG 3A). If the head—neck angle measured is, for mark to the lateral femur mark (representing 90 de- 
example, 30 degrees, the entry point on the skin should grees) and dividing it into thirds (30 degrees). The sur- 
be 30 degrees from the lateral palpable femoral shaft to- geon then measures from the lateral femoral shaft (0- 
ward the femoral head. degree mark) toward the head along the drawn line. 


Mark on hip 90° 


Incision 





TECH FIG 3 « A. The hip is then returned to the “neck horizontal” 
position. B. A 1-cm incision is made along the drawn line at the num- 
ber of degrees from the lateral femur (O degrees). The fascia is 
spread with a clamp. C. The guide pin is inserted into this incision 
along the marked line but at the measured neck-head angle. The 
level of insertion at the neck is at the point observed in Techniques 
Figure 2C. (C: Copyright Richard S. Davidson, MD.) 
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A 1-cm incision is made through skin and spread with 
a hemostat down to bone along the drawn line, but 
at an angle of 30 degrees toward the horizontal (ie, 
the head—neck angle) (TECH FIG 3B). 
The guide pin should enter the incision in line with the 
drawn line and at an angle of 30 degrees to the horizon- 
tal (TECH FIG 3C). The point of the guide pin should be 
positioned on the anterolateral femoral neck where the 
entry was estimated above. 


Inserting the Guidewire 


The guide pin is drilled into the femoral neck to the mid- 
neck and then additional image views are taken to con- 
firm and fine-tune the position. When satisfactory, the 
guide pin is drilled to within 3 mm of the articular sur- 
face and measured, and a bone screw is chosen. Multiple 
image views should confirm the guide pin position be- 


fore inserting the bone screw to avoid stress risers from 

too many holes in the bone. 

" Helpful hint: The surgeon can rotate the hip to pre- 
vent bending of the guide pin while flexing to get 
multiple views. 

The chosen bone screw is inserted to within 3 mm of the 

articular surface. 

" Helpful hint: lf the end of the guide pin is threaded, 
the bone screw may advance the guide pin through 
the articular surface. The hip must not be moved be- 
cause of the risk of breaking off the end of the guide 
pin in the hip joint. Instead, the surgeon can retract 
the guide pin partially into the bone screw and then 
continue to advance the bone screw to the appropri- 
ate position. Again, multiple views are obtained to 
ensure that the bone screw does not penetrate the 
articular surface. 


DRILLING AND CANNULATED SCREW PLACEMENT 


The guidewire is measured with the cannulated depth 
gauge to determine desired screw length. 

The cannulated drill is drilled over the guidewire. Care is 
taken to keep the drill colinear with the guidewire to 
avoid binding. The drill should stop 1 or 2 mm before the 
tip of the guidewire to keep the guidewire in place. 


RADIOGRAPHIC EVALUATION 


Radiographic evaluation (TECH FIG 4) ensures good 
screw position to minimize risk of complications. 

Spot fluoroscopic AP and frog-leg lateral views are used to 
make sure that four or five threads of the screw are within 
the epiphysis to decrease the risk of slip progression. 

The approach-and-withdraw technique allows evalua- 
tion of the screw tip to ensure that it remains within the 





The bone is tapped with the cannulated tap over the 
guidewire. 

The 6.5- to 7.5-mm cannulated screw is placed over the 
guidewire. 

The guidewire is removed. 


femoral head. With live fluoroscopy, the hip is ranged 
from internal to external rotation at varying degrees of 
flexion and the screw tip is observed to approach and 
withdraw from the subchondral bone. The closest point 
is observed and the screw should remain within the 
femoral head.? 


TECH FIG 4 e Radiographic evaluation of 
the threads across the physis on the AP 
(A) and frog-leg lateral (B) views. 
(Copyright Richard S. Davidson, MD.) 
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PEARLS AND PITFALLS 





Guidewire placement 


= In general, the larger the slip, the more proximal the starting point along the anterior neck. 


= The guidewire should be placed into the center of the epiphysis parallel to the physis to obtain maxi- 
mum fixation, like the handle of an umbrella. 


Guidewire bending 


= When the hip is moved from resting position to frog-leg lateral position or back again, the quadriceps 


fascia must be meticulously retracted to prevent guidewire bending. 


Guidewire pullout 


® Drilling should stop 1 to 2 mm before the end of the guidewire to keep it seated in bone. The surgeon 


should check spot fluoroscopy as the drill is backed out to make sure the guidewire remains in place. 
= The guidewire should be gently tapped back into place if it begins to pull out. 


Guidewire binding 


® During drilling, tapping, or screw placement, the instrument can bind the guidewire and cause 


unwanted advancement of the guidewire. 
= The cannulated instrument must remain perfectly colinear with the guidewire during advancement. 
=™ The surgeon should check spot fluoroscopy to make sure the guidewire is not advancing. 


POSTOPERATIVE CARE 


=" No immobilization in recommended. Patients should remain 
non-weight bearing or touch-down weight bearing on crutches 
on the affected leg for about 6 weeks to allow healing. 

= Patients are gradually allowed to return to activities after 
6 weeks. 

= If the SCFE and fixation were unilateral, patients and fami- 
lies must be made aware of symptoms to watch for that could 
indicate slipping in the other hip, like hip, thigh, or knee pain. 
= Patients should be followed at regular intervals until the 
proximal femoral physis closes completely on radiographs. 


OUTCOMES 


=" Outcomes of SCFE treatment are related to the severity of 
slip and the development of complications. The best long-term 
results are seen with in situ screw fixation.” In patients with 
mild and moderate SCFE treated with in situ screw fixation, 
results are good to excellent. 


COMPLICATIONS 


=" Chondrolysis is articular cartilage necrosis of the femoral 
head that causes hip pain and limited motion. 
= It has been associated with SCFE and its treatment, and 
the incidence has decreased with modern treatment tech- 
niques of in situ screw fixation. 
" Risk factors include unrecognized pin or screw penetra- 
tion, spica cast treatment, more severe slips, and female sex. 
The joint space appears narrowed to less than 3 mm on ra- 
diographs, and treatment involves revision of prominent 
hardware, limited weight bearing until symptoms improve, 
physical therapy, and nonsteroidal anti-inflammatories. 


FIG 2 © Osteonecrosis and collapse 
of the femoral head in a severe 
case of slipped capital femoral epi- 
physis. The in situ fixation had 
become prominent and has been 
removed. (Copyright Richard S. 
Davidson, MD.) 





Overall, patients may have cartilage recovery and good 
midterm functional outcomes.” 
=" Osteonecrosis is a difficult and often debilitating complica- 
tion associated with SCFE and its treatment. It involves the 
death and possible collapse (FIG 2) of the epiphysis because of 
disruption of its blood supply. Patients present with groin, 
thigh, or knee pain and limited hip motion. 
" Risk factors for osteonecrosis are unstable SCFE, pins in 
the posterosuperior quadrant of the epiphysis, an increased 
number of pins, and severe displacement.’? A stable slip has 
a nearly 0% risk of osteonecrosis, but an unstable slip has a 
50% risk of osteonecrosis.” 
« Treatment involves removal of prominent hardware if the 
physis has closed, limited weight bearing until healing, symp- 
tomatic management, and later reconstructive procedures. 
= Further slippage after in situ fixation occurs most frequently 
with improper screw placement outside of the desired middle 
third of the epiphysis and insufficient thread purchase into the 
epiphysis. 
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DEFINITION 


= Pistol-grip deformity after slipped capital femoral epiphysis 
(SCFE) can cause anterior impingement leading to pain, carti- 
lage and labral damage, and eventual osteoarthritis.’~*>* 

=" Realignment of the proximal femur, as well as restoration of 
the anterior head—neck offset, has been shown to improve hip 
scores.° 

=" This technique can be used to correct anterior impinge- 
ment after a SCFE that has healed with residual posterior 
displacement. 

= The first part of the procedure is a surgical hip dislocation 
with femoral head—neck osteoplasty. 

= If additional deformity correction is needed, the flexion 
intertrochanteric osteotomy is performed. 


PATHOGENESIS 


= The true etiology of SCFE is unclear. However, because it 
occurs mainly in adolescent boys (80%), hormonal factors are 
thought to be involved.” 

= Additionally, the orientation of the growth plate becomes 
more vertical in adolescents compared to the juvenile hip, 
leading to increased shear stress across the physis. 

= The transition from juvenile to adolescent is a period of 
rapid weight gain, leading to the stereotypical body habitus in 
the SCFE patient. 


NATURAL HISTORY 


= Undetected SCFEs can lead to hip arthrosis. Murray* sug- 
gests that up to 40% of hips with degenerative arthritis have a 
“tilt deformity” or other deformities that may be due to an 
undetected subclinical SCFE or other developmental problems. 
= A review by Aronson’ found that 15% to 20% of patients 
with SCFE had painful osteoarthritis by age 50. Additionally, 
11% of patients with end-stage osteoarthritis had a SCFE. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients will complain of insidious-onset groin or knee pain 
that may have previously been diagnosed as a sprain. 
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" They may walk with a limp, but typically they walk with 
an externally rotated foot progression angle, which may 
indicate chronic SCFE or femoral retroversion. 
= Pain is elicited with hip flexion, adduction, and internal 
rotation stress (impingement test). 
=" The physical examination should include flexion and internal 
rotation range-of-motion tests. Normal, physiologic hip flexion 
needed for activities of daily living is at least 90 degrees. 
" Patients with a chronic SCFE and anterior impingement 
will have less than 90 degrees of true hip flexion. 
" Patients with impingement secondary to SCFE will have 
less internal rotation in flexion than extension, and may 
have a compensatory external rotation of the hip as it is 


flexed. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiographs include an anteroposterior (AP) and frog- 
leg lateral views of the pelvis or the involved hip (FIG 1A,B). 
=" Computed tomography (CT) scans with two- and three- 
dimensional reconstructions are helpful for preoperative 
planning (FIG 1C,D). 


DIFFERENTIAL DIAGNOSIS 


=" Femoral or acetabular retroversion 
=" Hip dysplasia 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management includes cessation of aggravat- 
ing activities and symptomatic treatment using nonsteroidal 
anti-inflammatories. 

= Physical therapy to strengthen the hip musculature does 
not address the mechanical impingement associated with a 


SCFE. 
SURGICAL MANAGEMENT 


=" A chronic slip may be pinned in situ to prevent contin- 
ued slippage. Remodeling of the SCFE deformity has been 
described in long-term follow-up studies. 


FIG 1 © Preoperative AP (A) and frog-leg lateral 
(B) radiographs of the left hip demonstrate a 
chronic, stable severe slipped capital femoral 
epiphysis with greater than 70 degrees of poste- 
rior slippage. (continued) 
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FIG 1 © (continued) Preoperative two-dimensional (C) and three-dimensional (D) CT reconstructions further define 
the severity of the deformity. 


=" Corrective osteotomies have been described through the 
femoral neck at the growth plate (cuneiform), at the base of 
the femoral neck, or subtrochanteric.° 


Preoperative Planning 


= The anterior head-shaft angle is measured on the AP pelvis 
radiograph on both the affected and normal sides. The differ- 
ence is the amount of varus deformity on the slip side that 
can be addressed with a valgus-producing intertrochanteric 
osteotomy (FIG 2A). 

= The lateral head-shaft angle is measured on the frog-leg lat- 
eral view in a manner similar to that used on the AP view. The 
difference is the amount of posterior deformity present that is 
corrected with a flexion-producing intertrochanteric osteotomy 





(FIG 2B). 
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Positioning 
= Because the first part of the procedure is done through a 
surgical hip dislocation, the patient is placed in the full lateral 
position secured on a pegboard, as shown in Chapter PE-76, 
Figure 3. A flat-top cushion placed beneath the operative side 
is helpful to stabilize the leg during the approach. 
" A hip drape with a sterile side bag is used, which will 
capture the leg during the dislocation maneuver. 


Approach 


= The incision from the surgical hip dislocation is extended 
slightly distal, along the lateral aspect of the thigh, in line with 
the femoral shaft. 

=" The lateral approach to the proximal third of the femur is 
required for the intertrochanteric osteotomy. 


Anterior 

B a 
50° AP trochanter 

erate hy) Affected side 


FIG 2 e Methods for determining the anterior head-shaft angle (A) and the lateral head-shaft angle (B). 
A. The difference in the angle determines the anterior osteotomy template. B. The posterior angulation of 
the affected side determines the angle of the lateral osteotomy template. 





APPROACH TO PROXIMAL FEMUR 





= The longitudinal incision from the surgical hip disloca- 
tion can be extended distally, in line with the lateral 
shaft of the femur (TECH FIG 1A). 2 

= The vastus lateralis, supplied by the femoral nerve, is 
reflected anteriorly from the vastus ridge distally. 

= Several perforating vessels from the profunda femoris 
artery to the vastus lateralis should be identified and 


coagulated before they are avulsed by blunt dissection 
(TECH FIG 1B). 

The anterolateral aspect of the femoral shaft is then 
exposed subperiosteally, and the lesser trochanter is 
identified. 
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TECH FIG 1 © A. The proposed incision after the patient is prepared and draped. B. Approach to the intertrochanteric 
region of the femur. The vastus lateralis is reflected anteriorly from its origin at the vastus ridge. 


PLANNING THE OSTEOTOMY 


A 2-0 Kirschner wire is placed just above the level of the 
lesser trochanter, beginning in the lateral cortex of the 
proximal femur. This is placed parallel to the floor in 


axial plane. In the coronal plane, the Kirschner wire is 
placed with an appropriate amount of valgus, deter- 
mined from the anterior head-shaft angle difference on 


the axial plane and perpendicular to the shaft of the 
femur in the coronal plane. This is the reference for the 
level of the osteotomy. 

= A second Kirschner wire is placed 3 cm proximal to the 
first. This is placed parallel to the first guidewire in the 


preoperative radiographs. This will act as the guidewire 
for the seating chisel for the blade plate. 


CREATING THE SLOT FOR THE BLADE PLATE 


= The seating chisel is directed parallel to the most proxi- 
mal guide pin with the appropriate amount of flexion, 
as determined on the frog-leg lateral head-shaft angle 
difference. 

= A slot for the blade plate should now be made in the 
trochanteric fragment to allow for anatomic fixation of 
the trochanter after the osteotomy. 

= The blade plate chisel is placed into the proximal frag- 
ment after preparation of the trochanteric flip fragment 
and before cutting the intertrochanteric osteotomy 
(TECH FIG 2). 





TECH FIG 2 « The blade plate is impacted into the proximal 
fragment through a slot created in the trochanteric wafer. 
The amount of flexion is based on the preoperative lateral 
head-shaft angle measurement. 


OSTEOTOMY 


= Before osteotomy, a rotational reference mark is made #® 
at the level of the osteotomy on both the proximal and 
distal fragments. 


Using an oscillating saw, the proximal femur is cut using 
the Kirschner wire as a guide. The cut should be made 
perpendicular to the shaft of the femur. 
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BLADE PLATE PLACEMENT 


= The seating chisel is removed and the blade plate is 
impacted into the proximal fragment. 

= The osteotomy is provisionally reduced and held with a 
Verbrugge clamp. 

m If necessary, the distal fragment may be internally 
rotated to match the alignment of the normal side. 

= After confirming reduction using an image intensifier, 
the plate is fixed to the shaft of the femur in standard 
fashion (TECH FIG 3). 


TECH FIG 3 e After the osteotomy, the distal fragment is 


reduced to the blade plate (A) and secured in standard 
fashion (B). 


CLOSURE 


= The vastus lateralis fascia is closed with 2-0 absorbable 
running suture. 

= The iliotibial band is closed using a running no. 1 
absorbable suture. 

2 Skin is closed in routine fashion. 


PEARLS AND PITFALLS 








Indications 


= A complete history and physical examination should be performed. 


# All associated pathology should be addressed. 


Osteotomy planning 


= Southwick’s technique advises against needing a flexion osteotomy of greater than 60 degrees. 


If there is greater than 60 degrees of posterior slippage, the femoral head—neck osteoplasty 
performed through a surgical hip dislocation can reduce the amount of flexion needed to relieve 


anterior impingement. 
Seating chisel removal 


= After fully inserting the seating chisel, the surgeon should remove and replace it by hand before 


making the osteotomy. This will allow easy removal after the proximal fragment is less stable. 


Reduction of osteotomy 


=# Control of the proximal fragment is gained with a Weber bone-holding clamp instead of using 


the inserted blade plate for fragment manipulation, which could weaken the fixation. 


Nonunion 


POSTOPERATIVE CARE 


= The hip is held flexed and in neutral rotation by placing two 
pillows under the leg and one under the greater trochanter. 

= The patient is placed in a continuous passive motion ma- 
chine for 6 hours a day, set from 30 to 80 degrees of flexion. 
=" Prophylaxis for deep venous thrombosis is individualized; 
however, all patients should be started on mechanical com- 
pression devices immediately. 

= After the epidural is removed, out-of-bed ambulation is 
permitted with one-sixth body weight partial weight bearing. 
=" Range-of-motion exercises are started, but care is taken to 
protect the greater trochanter osteotomy by limiting adduction 


# Any areas that lack bone-to-bone contact require bone graft. 


to midline, and avoiding resisted abduction exercises for 6 
weeks. 

= AP and true lateral hip radiographs are obtained to evaluate 
healing of the osteotomy (FIG 3A,B). 

=" Prominent hardware may be removed after 6 months if radi- 
ographic evidence of a healed osteotomy is seen (FIG 3C,D). 


OUTCOMES 


= In Southwick’s original article,’ where he treated the defor- 
mity with a proximal femoral osteotomy without surgical hip 
dislocation, out of 28 hips (26 patients) with at least 5 years of 
follow-up, 21 were rated as excellent, 5 as good, and 2 as fair. 
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= In patients who had both osteoplasty and an intertrochanteric 
osteotomy, Western Ontario and McMaster Universities 
(WOMAC) pain and function scores improved in four of six 
patients.° 

=" Internal rotation in flexion improved from —20 to +10 
degrees.° 

= There were no cases of avascular necrosis in a series of 19 
patients treated with osteoplasty or osteoplasty with in- 
tertrochanteric osteotomy. 


COMPLICATIONS 


= Avascular necrosis of the femoral head can occur if care is 
not taken to follow the technique and to preserve the retinac- 
ular vessels. 

=" Nonunion of the greater trochanteric osteotomy or the 
intertrochanteric osteotomy 

= Sciatic or femoral nerve neurapraxia 

= Heterotopic ossification 


FIG 3 © Postoperative AP (A) and true-lateral (B) radiographs demon- 
strate the correction of most of the slipped capital femoral epiphysis 
deformity. AP (C) and frog-leg lateral (D) radiographs of the pelvis 4 
months after removal of hardware. The patient has no symptoms. 
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Triple Arthrodesis 


Om Prasad Shrestha, David A. Spiegel, and James J. McCarthy 


DEFINITION 


= Triple arthrodesis involves fusion of the talocalcaneal, calca- 
neocuboid, and talonavicular joints. The procedure is most 
commonly indicated for salvage in severe, rigid deformities of 
the hindfoot that are unresponsive to less invasive methods of 
treatment. 

= This procedure is typically considered in adolescents but has 
been reported in children as young as 8 years of age. 


ANATOMY 


" Joints of the hindfoot include the ankle, subtalar, talonavic- 
ular, and calcaneocuboid. 

=" Motions at the ankle joint include plantarflexion and dorsi- 
flexion. As the ankle joint is oriented along the transmalleolar 
axis, dorsiflexion is associated with outward deviation of the 
foot, while plantarflexion is associated with inward deviation. 
= The subtalar joint consists of an anterior, a middle, and a pos- 
terior facet. The anterior and middle facets are confluent in a 
subset of patients. While there is considerable variation, this 
joint is oriented 23 degrees medially in the transverse plane and 
42 degrees dorsally in the sagittal plane. The subtalar joint thus 
functions as a hinge along an inclined axis and serves as the 
linkage between the ankle and the distal articulations of the 
foot. During the gait cycle, the subtalar joint is everted at heel 
strike and then inverts progressively until the time of push-off. 
= The talonavicular and calcaneocuboid joints are known as 
the transverse tarsal joints. When the calcaneus is everted, 
these joints become parallel, and there is greater flexibility at 
the articulation. This aids in shock absorption during initial 
contact and early stance phase. In contrast, the transverse 
tarsal joints become nonparallel (more rigid) when the calca- 
neus is inverted. Functionally, the calcaneus becomes inverted 
during late stance phase, which locks the transverse tarsal 
joints and provides a rigid lever for push-off. 

=" From a functional standpoint, the muscles crossing the ankle 
and subtalar joints may be classified based on their location 
with respect to each joint axis. There is plantarflexion (gastroc- 
nemius and soleus, tibialis posterior, flexor digitorum longus, 
flexor hallucis longus) and dorsiflexion (tibialis anterior, exten- 
sor digitorum longus, extensor hallucis longus) at the ankle. 
The movements of inversion (tibialis anterior and posterior, 
flexor digitorum longus, flexor hallucis longus) and eversion 
(peroneus longus, brevis, tertius, extensor digitorum longus, 
extensor hallucis longus) occur across the subtalar axis. 


PATHOGENESIS 


=" Foot deformities in children most frequently result from a 
congenital condition (clubfoot, vertical talus, tarsal coalition) or 
occur in association with a variety of neuromuscular diseases. In 
the latter, the cause involves muscle weakness or imbalance, and 
examples include either flaccid or spastic neuromuscular dys- 
function (cerebral palsy, poliomyelitis, myelomeningocele, 
hereditary motor and sensory neuropathies, other). 


= The most common deformities are equinovarus, equinoval- 
gus, and cavovarus. Calcaneovalgus, calcaneovarus, calcaneo- 
cavus, and equinocavus may also be seen. This spectrum of de- 
formities may result from soft tissue contractures, from bony 
malalignment, or from both. 
=" While some deformities have a structural component at 
birth, most develop gradually, are initially flexible, and be- 
come fixed or rigid only over time. While a loss of passive mo- 
tion may result from contracture of the soft tissue elements, 
progressive adaptive changes in the osteocartilaginous struc- 
tures subsequently result in fixed bony malalignment. 
= The equinovarus deformity is present at birth in a congeni- 
tal clubfoot, or may result from spastic muscle imbalance in 
patients with cerebral palsy (most often spastic hemiplegia) or 
flaccid muscle imbalance (poliomyelitis). While the cause of 
congenital clubfoot remains debated, and is most likely multi- 
factorial, the pathogenesis in neuromuscular diseases involves 
muscle imbalance (strong inversion—plantarflexion and weak 
eversion—dorsiflexion). 
= An equinovalgus deformity is most common in patients with 
a congenital vertical talus or cerebral palsy (most commonly 
spastic diplegia). A valgus deformity of the hindfoot is com- 
mon in patients with a tarsal coalition. 
= ‘The cavovarus foot is most common in the hereditary motor 
and sensory neuropathies (Charcot-Marie-Tooth disease) and 
results from muscle imbalance. Weakness of the tibialis ante- 
rior (relative to the peroneus longus) is associated with plan- 
tarflexion of the first ray (forefoot valgus), a deformity that is 
initially flexible. 
" Over time, a contracture of the plantar fascia and neighbor- 
ing intrinsic muscle groups develops. To compensate for fore- 
foot valgus, the hindfoot aligns in varus during stance phase. 
" Both the forefoot valgus and the hindfoot varus eventually 
become rigid. The hindfoot also appears to be in equinus be- 
cause of plantarflexion of the midfoot on the hindfoot. A 
common mistake is to assume that the equinus occurs at the 
ankle and to perform an Achilles tendon lengthening. 


NATURAL HISTORY 


=" The natural history depends on the underlying disease 
process. 

=" Deformities associated with the neuromuscular diseases will 
usually progress (and become rigid) over time and will have a 
significant chance of recurrence despite treatment owing to the 
underlying disease process. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients present with an abnormality or change in appear- 
ance of the foot, gait disturbance, pain in the region of the 
hindfoot, difficulties with shoe wear, or more than one 
of these. While the deformities treated by triple arthrodesis 
may be diagnosed from birth to adolescence and have 
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often been treated previously, we will focus on the older child 
or adolescent. 
= The history focuses on the presence of symptoms, including 
functional limitations, cosmetic concerns, and shoe wear, the 
family history (similar deformities, neuromuscular diseases), 
and previous treatment. 
=" A detailed history is especially important in children of 
walking age, as a foot deformity may be the first clue to the 
presence of an underlying neuromuscular problem. While uni- 
lateral foot deformities may be seen with tethering of the 
spinal cord (or other problems such as a spinal cord tumor), 
bilateral deformities may be the initial finding in patients with 
a hereditary motor and sensory neuropathy. 
= The location and character of pain should be determined, in 
addition to the activities that produce discomfort. 
=" A comprehensive physical examination is required. The 
spine should be examined to rule out any deformity or evi- 
dence of an underlying dysraphic condition, and a careful neu- 
rologic examination should be performed. The extremities are 
evaluated for alignment, limb lengths, and range of motion. 
Observational gait analysis should be performed. The shoes 
should be inspected for patterns of wear, which indicate 
weight distribution during stance phase. 
=" The physical examination of the foot and ankle focuses on 
the skin (presence and location of callosities, points of tender- 
ness), the overall appearance in both the weight-bearing and 
non-weight-bearing positions (relationship between the fore- 
foot and hindfoot), the range of motion of the hindfoot joints, 
the relationship between the forefoot and the hindfoot, and 
the neuromuscular assessment. 
= Tests to perform during the physical examination include: 
=" Range of motion at the ankle joint (plantarflexion and 
dorsiflexion) to diagnose and determine the magnitude of 
equinus contracture 
" Range of motion at the subtalar joint (inversion and ever- 
sion), which quantifies motion at the subtalar joint. 
Generally, the amount of inversion is twice the amount of 
eversion. [he total range is 20 to 60 degrees. 
= Range of motion at the transverse tarsal joints 
" Relationship between forefoot and hindfoot alignment, 
which identifies any coexisting deformity of the forefoot, ei- 
ther varus (the lateral aspect of the forefoot axis is more 
plantarflexed than the medial aspect) or valgus (medial as- 
pect of the forefoot axis is more plantarflexed than the lat- 
eral forefoot axis) 
" Coleman block test, which determines if hindfoot varus is 
flexible or rigid 
=" Manual muscle testing, which assesses relative strengths 
of motor units across the ankle and subtalar joints. This 
helps to diagnose muscle imbalance and to plan tendon 
transfers if appropriate. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Imaging studies complement the history and physical exam- 
ination, and plain radiographs in a weight-bearing position are 
required in all cases. In addition to a standing anteroposterior 
(AP) and lateral radiograph of the foot, a standing AP of the 
ankle should be obtained to determine whether the deformity 
is in the ankle joint, the subtalar joint, or both locations. Other 


imaging modalities such as a CT scan or MRI may be required 
in selected cases. 
= Plain radiographs are used to evaluate bone and joint mor- 
phology, and measuring the angular relationships between the 
tarsal bones (or segments of the foot) helps to further define 
both the location and the magnitude of deformities. 
=" On the standing AP radiograph, measurements include the 
talocalcaneal (Kite) angle (10 to 56 degrees) and the talus-first 
metatarsal angle (range —10 to +30 degrees). For the AP talo- 
calcaneal angle, values less than 20 degrees suggest hindfoot 
varus, while an angle greater than 40 to 50 degrees suggests 
hindfoot valgus. For the talo—first metatarsal angle, values less 
than —10 degrees indicate forefoot varus and values greater 
than +30 degrees indicate forefoot valgus. 
=" On the standing lateral radiograph of the foot, measure- 
ments include the lateral talocalcaneal angle, the tibiocalcaneal 
angle, and the talus—first metatarsal angle. 
" For the lateral talocalcaneal angle (range 25 to 55 de- 
grees), values greater than 55 degrees indicate hindfoot val- 
gus or calcaneus, while values less than 25 to 30 degrees in- 
dicate hindfoot varus or equinus deformities. 
" For the tibiocalcaneal angle (55 to 95 degrees), values 
greater than 95 degrees suggest equinus, while those below 
55 degrees are suggestive of calcaneus. 
" For the talus—first metatarsal angle, or Meary angle (0 to 
20 degrees), values greater than 20 degrees indicate midfoot 
equinus (cavus), while values less than 0 degrees indicate 
midfoot dorsiflexion (midfoot break). 
" The angle of the calcaneus relative to the horizontal axis 
(calcaneal pitch) is increased with calcaneus or calcaneo- 
cavus, or with cavovarus deformities. 


DIFFERENTIAL DIAGNOSIS 


=" Equinovarus: congenital clubfoot, poliomyelitis or other 
flaccid weakness or paralysis, spastic hemiplegia, other 

=" Equinovalgus: congenital vertical talus, spastic diplegia or 
quadriplegia, tarsal coalition, flexible flatfoot with tight 
Achilles tendon, other 

=" Cavovarus: hereditary motor and sensory neuropathies, 
poliomyelitis or other flaccid weakness or paralysis, myelo- 
meningocele, other 


NONOPERATIVE MANAGEMENT 


= The goals of nonoperative treatment are to achieve correc- 
tion, to maintain correction, and to prevent recurrence of the 
deformity. The specific treatments are based on the underlying 
disease process, and options include physical therapy, injection 
of botulinum A toxin, serial casting, and orthoses. 

= Physical therapy is directed toward improving range of mo- 
tion and improving strength. 

= Serial casting may help to improve range of motion. 

=" Botulinum toxin injections result in a reversible chemical 
denervation of the muscle group (for 3 to 8 months) and 
have been used most frequently in patients with cerebral 
palsy to decrease spasticity and reduce dynamic muscle im- 
balance. Such treatment may prevent or delay the need for 
surgical intervention in patients with spastic equinovarus or 
equinovalgus. 

=" Orthoses may be used to maintain alignment during ambu- 
lation, or as a nighttime splint to prevent the development of 


contractures. The deformity should ideally be passively cor- 
rectable. Foot orthoses such as the UCBL may help to control 
varus—valgus alignment of the hindfoot during ambulation. An 
ankle-foot orthosis improves prepositioning of the foot during 
swing phase, provides stability during stance phase, and can be 
used as a night splint. 


SURGICAL MANAGEMENT 


= Surgical treatment is offered when nonoperative measures 
have failed to alleviate the symptoms. Triple arthrodesis is a 
salvage procedure or “last resort” for rigid deformities in older 
patients, many of whom have been previously treated by both 
nonoperative and operative strategies. 

= The procedure is often performed for the correction of rigid 
deformities, which typically requires removal of bony wedges. As 
such, careful preoperative planning is required to determine the 
appropriate size and location of these wedges. Triple arthrodesis 
shortens the foot, which may be cosmetically objectionable. 

= Arthrodesis transfers additional stresses to neighboring 
joints, which may result in degenerative changes and pain. 
While there are reports of the procedure being successful in 
children as young as 8 years, it has been suggested that surgery 
should be delayed until the foot has reached adult proportions. 
One recent study concluded that growth rates were no differ- 
ent in those children treated before or after 11 years of age. 

=" The deformity should be of sufficient severity that soft tissue 
releases and osteotomies would be unlikely to achieve correction, 
or when painful degenerative changes are observed in the joints 
of the hindfoot. The most common indications are recurrent or 
neglected (most commonly seen in developing nations) clubfoot, 
cavovarus associated with Charcot-Marie-looth disease, and se- 
vere equinovalgus deformities in patients with spastic diplegia. 
=" The goal of surgery is to achieve a plantigrade foot by 
restoring the anatomic relationships between the affected 
bones or regions of the foot, and to relieve pain. 

= Additional procedures may be required. An equinus defor- 
mity of the ankle will require a lengthening of the tendo 
Achilles at the time of triple arthrodesis. The treatment of a co- 
existing forefoot may require soft tissue release, tendon trans- 
fer, or osteotomy, or some combination of these (usually as 
another stage). In patients with neuromuscular diseases, 
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lengthening or transfer of tendons crossing the hindfoot may 
be required to restore muscle balance and prevent further de- 
formity. Recurrence of deformity may occur when coexisting 
muscle imbalance has not been treated.”!” 

=" A hindfoot arthrodesis should be avoided in patients with 
insensate feet (myelomeningocele, other). 

=" While triple arthrodesis is routinely performed without fixa- 
tion (or with minimal fixation such as Kirschner wires or sta- 
ples) in many parts of the world, fixation with staples or screws 
reduces the chances of correction loss and pseudarthrosis. 

=" Biomechanical studies have demonstrated no significant dif- 
ference in stability when comparing fixation with staples ver- 
sus cannulated screws.*"” 


Preoperative Planning 


=" Weight-bearing radiographs are used to evaluate the rela- 
tionships between the tarsal bones, to identify any morpho- 
logic abnormalities or degenerative changes, and to identify 
the location of the deformity. These radiographs help to plan 
the location of wedge resections. 


Positioning 
= The patient is placed supine, and a bump may be placed 


under the ipsilateral hip. 
= A tourniquet is applied around the thigh. 


Approach 


=" Several skin incisions have been described for triple 
arthrodesis, and the specific choice may depend on the type of 
deformity and the previous experience of the surgeon. These 
include the single lateral or anterolateral approach, the medial 
approach, and a combined lateral and medial approach. 

= The lateral approach (Ollier) is used most commonly and al- 
lows excellent visualization of all three joints (FIG 1). 

=" A medial approach may be useful for calcaneovalgus foot, 
and the Lambrinudi procedure is considered for severe equinus 
deformity. The articular surfaces of the talonavicular, calca- 
neocuboid, and subtalar joints are removed to achieve 
arthrodesis. 

=" Modifications of this basic technique are based on the un- 
derlying deformity and involve bony wedge resections to cor- 
rect specific components of the deformity. 





FIG 1 © The lateral approach is used most frequently. A. The skin incision extends from distal to the fibular malleolus across 
the sinus tarsi. B. All three joints can be visualized after dissection of the subcutaneous tissues, elevation of the extensor digi- 
torum brevis off the anterior process of the calcaneus, and opening of the joint capsules. C. Placement of a laminar spreader 
may facilitate visualization of the posterior facet of the subtalar joint. 
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PENNY’S MODIFIED LAMBRINUDI TRIPLE ARTHODESIS*° 


There are several unique features associated with the ne- 

glected clubfoot in adolescents that require special at- 

tention when performing a triple arthrodesis.° 

=" A lengthening of the tendo Achilles is required and is 
performed as the first step. 

=" The main components are hindfoot equinus and 
varus, midfoot cavus, and forefoot adduction. 

=" In contrast to other hindfoot deformities, there is al- 
ways significant obliquity of the calcaneocuboid joint, 
which requires a specially oriented lateral wedge ex- 
cision of the calcaneocuboid joint. 

= The foot is typically severely plantarflexed, and this 
component of the deformity comes from both the 
hindfoot equinus and the midfoot cavus. 

= An aggressive resection of the talar head is commonly 
required to correct the midfoot cavus and bring the 
forepart of the foot to a plantigrade position. 


" 









Conservative 


Aggressive 


TECH FIG 1 « The bony segments are removed to correct the 
neglected clubfoot. Conservative resection is shown in blue 
and aggressive resection in red. 


=" The areas of bone to be resected are shown in TECH- 
NIQUES FIGURE 1. 


Incision and Dissection 


The skin incision is started 1 cm distal to the tip of the 
fibula. It is curved dorsolaterally and extends to the lat- 
eral border of the talonavicular joint. 

After spreading the subcutaneous tissues, the extensor 
tendons are retracted medially and the peroneal tendons 
are mobilized and protected. The sural nerve is also iden- 
tified and protected (TECH FIG 2). 

The extensor digitorum brevis is elevated off its origin 
and reflected distally, exposing the sinus tarsi, the calca- 
neocuboid joint, and the lateral aspect of the talonavic- 
ular joint. 

Soft tissues are cleared from the sinus tarsi, which pro- 
motes visualization of the facets of the subtalar joint. 
The anterior and middle facets will be confluent in a sub- 
set of cases. 


Arthrodesis 


The first step of the procedure involves removing a lat- 

eral wedge (calcaneocuboid resection) to shorten the lat- 

eral border of the foot (TECH FIG 3A). One unique fea- 

ture of the neglected clubfoot is the obliquity at the cal- 

caneocuboid joint. 

= An osteotome or oscillating saw is used to make a 
transverse cut perpendicular to the long axis of the 
lower leg. 

= The second cut removes the joint surface of the 
cuboid and should be conservative (several millime- 
ters). Most of this wedge resection comes from the 
calcaneus. 

The second step involves removing an anteriorly based 

wedge from the anterior process of the calcaneus to cor- 

rect equinus of the forepart of the foot (TECH FIG 3B). 

The third step involves resecting a portion of the head 

and neck of the talus (TECH FIG 3C). 

=" The cut begins at the dorsal articular margin of the 
talus and extends in a proximal and plantar direction 
through the posterior subtalar joint. 





TECH FIG 2 « Lateral exposure. (From Penny JN. The ne- 
glected clubfoot. Tech Orthop 2005:7:19-24.) 





=" This cut is oriented perpendicular to the long axis of 
the tibia. This essentially removes the entire talar 
head and a portion of the talar neck. 

The fourth step involves a conservative resection of the 

articular surface of navicular, as well as removal of the 

tuberosity of the navicular. 

A notch is made in the inferior articular surface of the 

navicular to accept the anterior portion of the talus. 


LAMBRINUDI TRIPLE ARTHRODESIS” 





The incision begins 1 cm distal to the tip of the fibula; it 
curves dorsolaterally and extends to the lateral border of 
the talonavicular joint. 

The extensor tendons are retracted medially, while the 
peroneal tendons are mobilized and protected. The ex- 
tensor digitorum brevis is reflected distally, exposing the 
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TECH FIG 3 « A. Wedge resection of the calcaneocuboid joint. B. Wedge resection of the an- 
terior process of the calcaneus. C. Excision of the head and neck of the talus back to the pos- 
terior facet of the subtalar joint. D. The anterior talus is placed into a notch in the navicular. 
E. The joint is pinned with the foot in a corrected position. The heel varus corrects with the 
subtalar joint resection. (From Penny JN. The neglected clubfoot. Tech Orthop 2005:7:19-24.) 


With the surfaces of the talus and calcaneus apposed, 
the anterior end of the talus is pushed into the notch 
under the navicular while abducting the forefoot (TECH 
FIG 3D). 

Fixation is usually achieved with Kirschner wires, staples, 
or screws (TECH FIG 3E). 

The heel varus usually corrects spontaneously. 


sinus tarsi, the calcaneocuboid joint, and the lateral as- 
pect of the talonavicular joint. 

The sinus tarsi is cleared of soft tissue to expose the an- 
terior, middle, and posterior facets of the subtalar joints. 
Sequential osteotomies are made with a broad os- 
teotome or power saw (TECH FIG 4A). 


TECH FIG 4 e Lambrinudi technique. A. 
The shaded area represents the bone to 
be removed. B. Realignment of the foot 
is achieved after removal of bony 
wedges. 
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The first osteotomy is made along the inferior part of the 
talus perpendicular to the long axis of the tibia in both 
planes. 

The second osteotomy is made along the superior part of 
the calcaneus parallel to the sole of the foot in both the 
longitudinal and transverse planes. 

The third cut is made at the distal end of the calcaneus 
at a right angle to the long axis of the calcaneus. 

The final cut is made along the proximal end of the cuboid 
at a right angle to the longitudinal axis of the forefoot. 


A groove is fashioned in the inferior proximal part of the 
navicular to accept the anterior end of the talus. 

The osteotomized surfaces are approximated (TECH 
FIG 4B) and held with staples. 

The extensor digitorum is lightly sutured back into place, 
and the subcutaneous tissue and skin edges are reap- 
proximated. 


TRIPLE ARTHRODESIS USING A SINGLE MEDIAL INCISION’ 


A 2-cm longitudinal incision is made over the peroneal 
tendons 10 cm above the level of the ankle joint, and 
both tendons are delivered using a mosquito clamp and 
divided sharply. 

An 8-cm medial longitudinal incision extends from the 
undersurface of the posterior medial malleolus across 
the talonavicular joint. 

The talonavicular joint is exposed, and the tibialis poste- 
rior tendon is released from its insertion. The talonavicu- 
lar capsule is released. Flexor digitorum longus tendon, 
flexor hallucis tendon, and neurovascular bundle are 
protected by a retractor. 


The talocalcaneal interosseous ligament is divided, and 
the anterior, middle, and posterior facets of the subtalar 
joint are visualized. 

The subtalar and talonavicular joint surfaces are de- 
nuded and prepared. 

The calcaneocuboid joint capsule and bifurcate liga- 
ments are released sharply, and a lamina spreader is in- 
serted to facilitate removal of the joint surfaces. 
Fixation of the subtalar joint is achieved with a single 
6.5-mm cannulated screw from the posterior calcaneus 
into the talar body. 

The talonavicular and calcaneocuboid joints are re- 
aligned and stabilized with 5-mm cannulated screws. 


BEAK TRIPLE ARTHRODESIS FOR SEVERE CAVUS DEFORMITY“ 


A lateral approach is employed, as outlined above. 
Wedges to be removed are shown in TECHNIQUES 
FIGURE 5A. 

The articular cartilage of the subtalar and calca- 
neocuboid joints is denuded. 

The talar neck is osteotomized from inferior to superior, 
forming a beak superiorly. The soft tissue structures on 
the superior aspect of the talus anterior to the ankle are 
left undisturbed. 


The dorsal cortex of the navicular is excised. 

The forefoot is displaced plantarward and the navicular 
is locked beneath the remaining part of the talar head 
and neck. 

Stability can be maintained while plaster is applied by 
slight Upward pressure under the forefoot (TECH 
FIG 5B). A staple may be used for fixation. 





TECH FIG 5 e Beak triple arthrodesis technique. A. Wedges to be removed. B. Final alignment after 
correction. 


INLAY GRAFTING METHOD FOR VALGUS DEFORMITY 
(MODIFIED TECHNIQUE OF WILLIAMS AND MENELAUS) 


=" The original technique by Williams and Menelaus'® in- 
volves placing an inlay graft from the tibia. El-Batouty et 
alt modified this to obviate the need for a medially 
based closing wedge osteotomy for valgus deformity of 
the hindfoot. 
An anterolateral exposure is used, as described previously. 
The joint surfaces are removed, and the hindfoot is re- 
aligned and stabilized with two Kirschner wires. 

= An inlay graft is taken from the tibia and placed into a 
rectangular trough created across the talonavicular, cal- 
caneocuboid, and anterior subtalar joints (TECH FIG 6). 

= The posterior subtalar joint is then denuded and local 
bone graft is placed. 

=  Acast is applied, and the Kirschner wires are removed. 


PEARLS AND PITFALLS 


TECH FIG 6 e Modified Williams and Menelaus’s inlay graft- 
ing technique. 
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Preoperative planning 

Soft tissue handling 

Bone graft 

Screw fixation of the subtalar joint 


= Weight-bearing radiographs should always be obtained. 
= Gentle soft tissue handling should limit the incidence of wound complications. 
= Local bone graft is sufficient. 


= Placing the screw from the calcaneus into the talus (rather than vice versa) may 


decrease the incidence of avascular necrosis. 


POSTOPERATIVE CARE 


" The limb is typically immobilized in a short- or long-leg cast 
for at least 6 weeks, and weight bearing is permitted after 6 
weeks. 

=" An ankle-foot orthosis may be required in patients with a 
neuromuscular diagnosis. 


OUTCOMES 


=" Most studies have involved mixed populations (children and 
adults) with a variety of diagnoses at early to midrange follow- 
up, using variable criteria (objective and subjective) to assess 
outcome. 

=" Overall, successful results have been reported in most pa- 
tients, with patient satisfaction in the range of 50% to 
95%.''*!* Rates of union are 89% to 95%.”"7 

= In general, poor outcomes have been associated with resid- 
ual deformity or pseudarthrosis. 

=" Outcomes seem to be similar when comparing children and 
adults. The results vary somewhat based on the underlying diag- 
nosis, and they seem to deteriorate with longer-term follow-up. 
=" Most patients have difficulty walking on uneven surfaces. 
Instrumented motion analysis studies by Beischer et al* and 
Wu et al’” revealed an increase in ipsilateral knee flexion dur- 
ing stance phase (including push-off) and a loss of ankle plan- 
tarflexion during push-off. Power generation at the ankle is 
decreased up to 45%. 


= Degenerative changes are common in the surrounding joints 
at long-term follow-up but do not imply the presence of pain 
or a deterioration in results. Chronic pain is seen in a subset of 
cases. 
= In cerebral palsy, Ireland et al® found excellent results in all 
patients at 4.5 years of follow-up. Tenuta et al'* found that 
80% of patients were satisfied at 18 years of follow-up, al- 
though 25% had occasional pain and 14% had persistent 
pain. Lack of satisfaction was correlated with residual defor- 
mity or pain. 
= The results in patients with cavovarus feet (Charcot-Marie- 
Tooth) are less predictable. 
* At 12 years of follow-up, Wukich and Bowen'* observed 
excellent or good results in 88%, with 15% pseudarthrosis 
and degenerative changes in 64%. 
= At 21 years of follow-up, Wetmore et al’? found excel- 
lent or good results in only 24%, with recurrence in nearly 
50% because of progressive weakness or muscle imbal- 
ance. I'wenty percent required conversion to a pantalar 
arthrodesis for ankle pain associated with degenerative 
changes. 
=" With flaccid neuromuscular imbalance (poliomyelitis), the 
results have been adequate in most patients, provided that ad- 
equate muscle balance has been achieved in addition to the 
arthrodesis. Crego et al’ found recurrence in 20% of patients, 
mostly due to persistent muscle imbalance. 
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COMPLICATIONS 


= Injury to neurovascular or tendinous structures. The medial 
neurovascular bundle and flexor hallucis longus tendon must 
be protected during resection of the posterior facet of the sub- 
talar joint. 

=" Wound infection 

=" Wound breakdown or skin necrosis 

= Pseudarthrosis of one or more joints, most commonly the 
talonavicular 

=" Residual deformity 

=" Recurrent deformity may be observed in patients with pro- 
gressive neuromuscular disease (Charcot-Marie-Tooth) or per- 
sistent muscle imbalance (poliomyelitis, cerebral palsy). 

= Degenerative changes are commonly observed at longer- 
term follow-up (longest study is 44 years) and result from in- 
creased stress transmission to the neighboring joints. These 
changes may be observed in the midfoot (54% to 99%‘»11:18) 
or the ankle joint (24% to 100%14+1*18), 

= Pain from persistent malalignment, degenerative changes, or 
avascular necrosis of the talus 

= Difficulties with shoe wear 

=" Need for orthotic support or an assistive device for 
ambulation 
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DEFINITION 


= Flatfoot is the term used to describe a weight-bearing foot 
shape in which the hindfoot is in valgus alignment, the midfoot 
sags in a plantar direction with reversal of the longitudinal arch, 
the forefoot is supinated in relation to the hindfoot, and the foot 
points in an externally rotated direction from the knee. 

= There is no agreement on strict clinical or radiographic cri- 
teria for defining a flatfoot. Therefore, the point beyond which 
a foot with a low-normal arch becomes defined as a flatfoot is 
unknown. 

= There are three recognized types of flatfoot: flexible (hyper- 
mobile) flatfoot, flexible (hypermobile) flatfoot with a short 
Achilles tendon, and rigid flatfoot. 


ANATOMY 


= A flatfoot combines valgus deformity of the hindfoot with 
supination deformity of the forefoot to create a low or absent 
longitudinal arch (FIG 1). These are rotationally opposite de- 
formities. 

=" Valgus deformity of the hindfoot, which can also be de- 
scribed as pronation, is one component of eversion of the sub- 
talar joint. 

= The other components are external rotation and dorsiflexion 
of the acetabulum pedis in relation to the plantarflexed talus. 

=" Acetabulum pedis is a term, coined over 200 years ago by 
Scarpa, used to describe and compare the subtalar joint with 
the hip joint, because of certain similarities. It is a cup-like 
structure consisting of the navicular, spring ligament, and an- 
terior end of the calcaneus that rotates around the talus fol- 
lowing the axis of the subtalar joint. 
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Calcaneal Lengthening 
Osteotomy for the Treatment 
of Hindfoot Valgus Deformity 
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=" The axis of the subtalar joint is not in any of the standard 
planes of motion of the body. In the transverse plane, the sub- 
talar axis deviates about 23 degrees medial to the long axis of 
the foot. In the horizontal plane, the axis deviates about 41 de- 
grees dorsal from horizontal. The summation of the angles cre- 
ates an axis for the subtalar joint that produces downward and 
inward motion during inversion, and upward and outward 
motion during eversion. 

=" Eversion of the acetabulum pedis results in loss of support 
and plantarflexion of the talus. Although the calcaneus dorsi- 
flexes “upward” in relation to the talus, it becomes plan- 
tarflexed in relation to the weight-bearing tibia. The navicular 
also dorsiflexes “upward” at the talonavicular joint as the 
focal point for the midfoot sag. “Outward” motion of the ac- 
etabulum pedis creates the external rotation of the foot in re- 
lation to the talus and tibia that is manifest as a positive 
thigh-foot angle and an out-toeing gait. Convexity of the plan- 
tar-medial border of the foot is also a manifestation of 
“outward” motion of the acetabulum pedis, reflecting the dor- 
solateral subluxation of the navicular on the head of the talus. 
= The forefoot, in a flatfoot, is supinated in relation to the 
pronated hindfoot. Were it not, forefoot weight bearing would 
occur solely on the first metatarsal. Finally, these altered rela- 
tionships create a real, or apparent, shortening of the lateral 
column (or border) of the foot relative to the medial column. 
= The shapes of the bones and the laxity of the ligaments of 
the foot determine the height of the longitudinal arch. The 
muscles maintain balance, accommodate the foot to uneven 
terrain, protect the ligaments from unusual stresses, and pro- 
pel the body forward. The intrinsic muscles are the principal 
stabilizers of the foot during propulsion. Greater intrinsic 





FIG 1 ° Flatfoot. A. Top view shows outward rotation of the foot in relation to the lower extremity. The patella is facing forward 
in this image. B. Back view shows valgus alignment of the hindfoot and “too many toes” seen laterally. C. Medial view shows 
depression of the longitudinal arch and a convex medial border of the foot. (From Mosca VS. Calcaneal lengthening osteotomy for 
valgus deformity of the hindfoot. In: Tolo V, Skaggs D, eds. Master Techniques in Orthopaedic Surgery: Pediatric Orthopaedics. 


Philadelphia: Lippincott Williams & Wilkins, 2008.) 
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muscle activity is required to stabilize the transverse tarsal and 
subtalar joints in a flatfooted individual than in an individual 
with an average height arch. 


PATHOGENESIS 


=" Based on clinical and radiographic studies, flatfoot is ubig- 
uitous in infants and children and is seen in over 20% of 
adults. The arch increases in height in most children through 
normal growth and development during the first decade of life. 
The arch decreases in height in most of those older children 
and adolescents who have a rigid flatfoot, a condition affect- 
ing about 2%—-5% of the population that is most often associ- 
ated with a tarsal coalition. 
" Flexibility (hypermobility) in a flexible flatfoot refers to the 
motion in the subtalar joint. There is full excursion of the 
Achilles tendon in this class of flatfoot. It is the normal foot 
shape seen in almost all babies and accounts for about two 
thirds of the 23% of flatfooted adults. It is the normal contour 
of a strong and stable foot, not the cause of disability. 
= A flexible flatfoot with a short Achilles tendon has the same 
flexibility in the subtalar joint as a flexible flatfoot, but has 
limited ankle dorsiflexion owing to contracture of the Achilles 
tendon. This entity accounts for about one fourth of the 23% 
of flatfooted adults and often causes pain with callus forma- 
tion under the head of the talus. The age or point at which the 
Achilles tendon contracture develops is unknown. 
= Rigidity in a rigid flatfoot refers to the restriction of motion 
in the subtalar joint. This type of flatfoot accounts for about 
9% of the 23% of flatfooted adults. It is usually associated 
with a tarsal coalition and is, therefore, developmental rather 
than congenital, like the flexible flatfoot. It causes pain in 
about 25% of cases. 
=" A contracted Achilles tendon prevents normal dorsiflexion 
of the talus in the ankle joint during the late midstance phase 
of the gait cycle. The dorsiflexion stress is shifted to the subta- 
lar joint complex where, as a feature of eversion, the acetabu- 
lum pedis dorsiflexes in relation to the talus and also in rela- 
tion to the tibia. The talus remains rigidly plantarflexed. The 
soft tissues under the head of the talus are subjected to exces- 
sive direct axial loading and shear stresses. 
= These stresses create callus formation and pain at that site. 
" Pain may also be experienced in the sinus tarsi region be- 
cause of impingement of the beak of the calcaneus with the 
lateral process of the talus at the extreme range of eversion. 


NATURAL HISTORY 


= Flatfoot is a poorly defined foot shape found in most children 
and over 20% of adults. For most, it is an anatomic variation 
from average that does not cause pain or other disability. 

= The longitudinal arch develops spontaneously in most chil- 
dren during the first decade of life. Flexible flatfoot with a 
short Achilles tendon often causes pain with callus formation 
under the head of the talus or pain in the sinus tarsi area. 

= The age or point at which the Achilles tendon contracture 
develops is unknown. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


=" Children with flexible flatfoot are rarely symptomatic, al- 
though they may experience nonspecific leg or foot aches after 


strenuous activities or at the end of the day. Older children 
and adolescents with flexible flatfoot with a short Achilles ten- 
don will often experience pain, tenderness, and callus forma- 
tion under the head of the plantarflexed talus in the midfoot 
or in the sinus tarsi area or at both sites. About 25% of chil- 
dren and adolescents with a tarsal coalition report activity- 
related pain that may be located in the sinus tarsi area, along 
the medial hindfoot, or under the head of the talus. 

=" Commonly, parents seek consultation for their child with a 
painless flatfoot because of concerns regarding the appearance 
of the foot, the child’s uneven shoe wear, or the concern about 
the potential for future disability. Such concerns about future 
disability are based on unsubstantiated claims by generations 
of health care professionals that flatfoot is a deformity that re- 
quires treatment to prevent pain and disability. 

=" Examination of the child’s foot should begin with a screen- 
ing evaluation of the entire musculoskeletal system. The gen- 
eral examination is aimed at assessing ligament laxity, 
torsional and angular variations of the lower extremities, and 
the walking pattern. Their interrelationships are important to 
keep in mind during evaluation of the foot because all of these 
features change as the child grows. 

= Assessment of the foot begins with the recognition that a 
flatfoot is not a deformity. It is a combination of deformities 
that includes a valgus deformity of the hindfoot and a supina- 
tion deformity of the forefoot on the hindfoot. There is a lat- 
eral rotational deformity as well. The axis of the subtalar joint 
is in an oblique plane, such that eversion creates valgus, exter- 
nal rotation, and dorsiflexion of the so-called acetabulum 
pedis around the talus. 

= The flexibility of the flatfoot pertains to the mobility of the 
subtalar joint. This can be assessed manually. With the hind- 
foot in your cupped hand and your other hand on the forefoot, 
the subtalar joint is inverted and everted around the oblique 
axis of motion of the joint (FIG 2). Ensure that the motion you 
appreciate is in the subtalar joint, and not false motion 
through Chopart’s joints. 

= A flexible flatfoot has free and supple subtalar joint motion 
in the axis of the joint. A rigid flatfoot has restriction of 





FIG 2 © Inversion and eversion of the subtalar joint is assessed 
by manually moving the acetabulum pedis back and forth along 
the axis of the subtalar joint. Forefoot supination can be 
appreciated when the hindfoot is inverted to neutral. While 
maintaining subtalar joint neutrality, the ankle is dorsiflexed 
with the knee first flexed and then extended to assess the 
excursion of the soleus and the gastrocnemius respectively. 
(From: Mosca VS. Flatfoot and skewfoot. In: Drennan J, ed. The 
Child’s Foot and Ankle. New York: Raven Press, 1992:355-376.) 
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motion. This can also be seen dynamically. The arch elevates 
and the hindfoot corrects from valgus to varus in a flexible 
flatfoot during toe standing (FIG 3) and with the Jack toe raise 
test. These two maneuvers take advantage of the windlass ac- 
tion of the plantar fascia to mobilize the subtalar joint into in- 
version and create a longitudinal arch. 

= Supination of the forefoot is revealed when the hindfoot is 
passively inverted to neutral alignment see Fig 2. 

=" Functional motion of the ankle joint, as assessed by excursion 
of the Achilles tendon, is important yet difficult to evaluate ac- 
curately. A component of subtalar joint eversion is dorsiflexion 
of the calcaneus in relation to the talus. Therefore, the subtalar 
joint must be held inverted to the neutral position to isolate and 
assess the motion of the talus in the ankle. 

=" With the subtalar joint inverted to neutral, the knee is flexed 
to 90 degrees. The ankle is maximally dorsiflexed without al- 
lowing the subtalar joint to evert. The degree of dorsiflexion is 
measured as the angle between the lateral border of the foot 
and the anterior shaft of the tibia. The knee is then extended 
while maintaining subtalar neutral, even if it creates plantar 
flexion of the ankle. The degree of ankle dorsiflexion is once 
again measured. 

=" It is normal for the ankle to dorsiflex at least 10 degrees 
above neutral with the knee extended, and even further with 
the knee flexed. The entire triceps surae (gastrocnemius and 
soleus) is contracted if the ankle does not dorsiflex at least 10 
degrees above neutral with the knee flexed or extended. The 
gastrocnemius is selectively contracted if the ankle dorsiflexes 


FIG 3 e With toe standing, the heel vagus 
converts to varus and the longitudinal 
arch elevates in a flexible flatfoot. (From 
Mosca VS. Flatfoot and skewfoot. In: 
Drennan J, ed. The Child’s Foot and 
Ankle. New York: Raven Press, 
1992:355-376.) 


at least 10 degrees above neutral with the knee flexed, but not 
when it is extended. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Radiographs of the flatfoot are not necessary for diagnosis. 
They may be indicated for the assessment of pain or decreased 
flexibility, and for surgical planning. 
" Weight-bearing anteroposterior (AP), lateral, medial 
oblique, and axial (or Harris) views are appropriate for 
those indications (FIG 4). 
" The lateral oblique view is helpful for the identification of 
an accessory navicular that could be the cause of a painful 
medial prominence in the midfoot that is not the head of the 
talus. 
=" Radiographs can define the static relationships between bones 
but cannot provide information on flexibility or function. They 
should not be used as an indication for treatment. A bone scan 
can help with the assessment of atypical pain in a flatfoot. 
=" A CI scan is useful for assessment of a rigid flatfoot, partic- 
ularly when there is a high degree of suspicion for a subtalar 
tarsal coalition. 
=" An MRI may be necessary if these other imaging studies fail 
to reveal the etiology for atypical pain in a flatfoot. 


DIFFERENTIAL DIAGNOSIS 


= Flexible (hypermobile) flatfoot 
= Flexible (hypermobile) flatfoot with short Achilles tendon 





FIG 4 e Standing radiographs of a flatfoot. A. AP image demonstrates the external rotation com- 
ponent of eversion or valgus of the subtalar joint. B. The lateral image reveals plantarflexion of the 
talus, sag at the talonavicular joint, and a low calcaneal pitch. (From the private collection of 
Vincent Mosca, MD.) 
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Rigid flatfoot 

Congenital oblique talus 

Congenital vertical talus 

Pauciarticular juvenile rheumatoid arthritis 
Peroneal spastic flatfoot 

Accessory tarsal navicular 


NONOPERATIVE MANAGEMENT 


= Flexible flatfoot is a normal foot shape and not the cause of 
pain or functional disability in most individuals. Therefore, 
treatment must be applied only to those who have symptoms. 
“Prophylactic” treatment, even if nonoperative, cannot be jus- 
tified, based on the literature. 
=" Some children with flexible flatfoot have activity-related 
pain or pain at night in the leg or foot. The pain is usually 
nonlocalized and it is believed to represent an overuse syn- 
drome. This is consistent with the finding that flatfooted in- 
dividuals demonstrate greater intrinsic muscle activity than 
normal. 
=" Over-the-counter and molded shoe inserts have been shown 
to relieve or diminish symptoms and to increase the useful life 
of shoes without a simultaneous permanent increase in the 
height of the arch. There are few, if any, complications of or- 
thotic treatment for flexible flatfoot. 
= Children, adolescents, and adults with flexible flatfoot 
with a short Achilles tendon will often have pain with weight 
bearing and callosities under the head of the plantarflexed 
talus. 
" The contracted Achilles tendon prevents normal dorsi- 
flexion of the ankle joint during the midstance phase of gait. 
The dorsiflexion stress is shifted to the subtalar joint com- 
plex, which dorsiflexes as a component of eversion. The 
talus remains rigidly plantarflexed, thereby subjecting the 
soft tissues under the head of the talus to excessive direct 
axial loading and shear stress. 
= Both firm and hard arch supports concentrate and exagger- 
ate the pressures under the head of the talus in children with 
flexible flatfeet with short Achilles tendons, thereby exacerbat- 
ing and enhancing pain. They are, therefore, contraindicated 
in this condition. 
= An aggressive stretching program for the Achilles tendon, 
performed with the subtalar joint inverted, may relieve symp- 
toms, but is challenging to carry out effectively. 
= It is difficult to almost impossible to stretch a contracted 
Achilles tendon when it is associated with a flexible flatfoot. 
The subtalar joint must be inverted and held in neutral align- 
ment for the Achilles to stretch. Otherwise, the apparent 
Achilles tendon stretch will merely create further eversion/val- 
gus stretch in the subtalar joint. 


SURGICAL MANAGEMENT 


=" The calcaneal lengthening osteotomy is indicated for the flex- 
ible flatfoot with a short Achilles tendon when prolonged at- 
tempts at conservative management fail to relieve the pain under 
the head of the plantarflexed talus or in the sinus tarsi area. 

= This procedure is not indicated to change the shape of a 
pain-free flexible flatfoot. 

=" Surgery should not be performed in young children with 
flexible flatfeet who have nonlocalized, activity-related aching 
foot pain or nighttime pain in the lower extremities. 


= Surgery should not be carried out for incongruous signs or 
symptoms. In such situations, the flatfoot may be an inciden- 
tal finding and not the cause of the symptoms. 

= Finally, the calcaneal lengthening osteotomy is contraindi- 
cated in the iatrogenic flatfoot created by overcorrection of a 
clubfoot in which the talonavicular joint is well aligned and 


the thigh-foot angle is neutral despite the valgus alignment of 
the hindfoot. 


Preoperative Planning 


= Physical examination includes evaluation of the foot in 
weight bearing and non-weight bearing. 
" In weight bearing, the clinicians should note the valgus 
alignment of the hindfoot, the depression of the longitudinal 
arch, and the outward rotation of the foot in relation to the 
flexion—extension plane of the knee as referenced from the 
alignment with the patella. 
" Flexibility of the flatfoot is confirmed by observing the 
creation of the longitudinal arch and conversion of hindfoot 
valgus to varus with toe standing see Fig 3. 
=" On the examining table, the clinician performs the 
Silfverskidld test to determine if the equinus contracture is in 
the gastrocnemius alone or involves the entire triceps surae. 
" The clinician assesses the thigh-foot angle and the trans- 
malleolar axis with the patient prone. Most commonly, the 
thigh-foot angle is abnormally positive (excessively turned 
out versus the thigh), whereas the transmalleolar axis (as- 
sessing tibial torsion) is normal. 
= The clinician determines whether the subtalar joint can be 
inverted to neutral (see Fig 2), although the calcaneal length- 
ening osteotomy can correct hindfoot valgus even in a rigid 
deformity. 
=" Radiographs must be taken with full weight bearing to cor- 
relate with the physical examination findings. AP and lateral 
views are required (see Fig 4). Oblique and Harris axial views 
of the foot can be added to confirm absence of a tarsal coali- 
tion. AP, mortise, and lateral ankle radiographs are useful to 
determine whether any of the valgus deformity is in the tibio- 
talar joint. 
=" The clinician should discuss with the family the risks and 
complications of allograft versus autograft for the required tri- 
cortical (bicortical) iliac crest bone graft, as well as the possi- 
ble need for a medial cuneiform plantar-based closing wedge 
osteotomy. 
= The need for this additional procedure can be accurately 
determined only intraoperatively after correction of the 
hindfoot and lengthening of the heel cord. 
= Discussion about staged versus concurrent correction of bi- 
lateral deformities should include issues relating to the need 
for strict non-weight bearing on the operated foot or feet for 
8 weeks. Most adolescents choose the correction of one foot at 
a time, with correction of the other foot 6 months later. This 
interval allows adequate rehabilitation for the operated foot to 
function comfortably while non-weight bearing on the second 
foot. 


Positioning 

= The patient is placed in the supine position with a folded 
towel under the ipsilateral buttock and prepared from iliac 
crest to toes. A sterile tourniquet is included if using autograft. 


If using allograft, only the lower extremity is prepared, and a 
nonsterile tourniquet is used. 
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Special equipment includes a narrow sagittal saw, smooth 
Steinmann pins, straight osteotomes, laminar spreader with 
smooth teeth, Joker elevators and narrow Crego retractors, 
and a mini-fluoroscope. 


Approach 


A modified Ollier incision is used in a Langer skin line for 
the calcaneal lengthening osteotomy. The superficial peroneal 
and sural nerves are protected. 


A longitudinal incision along the medial aspect of the mid- 
foot and hindfoot is used for the medial soft tissue plications 
and for the medial cuneiform osteotomy, if it is required. 

The Achilles tendon can be lengthened through a longitudi- 
nal incision half the distance between the tendon and the tibia. 

If an isolated gastrocnemius recession is needed, this can be 
performed through a longitudinal incision along the postero- 
medial aspect of the leg about half the distance from the knee 
to the ankle. 


CALCANEAL OSTEOTOMY EXPOSURE AND 


LATERAL SOFT TISSUE RELEASES 


= Make a modified Ollier incision in a Langer skin line from 


the superficial peroneal nerve to the sural nerve (TECH 
FIG 1A). Elevate the soft tissues from the sinus tarsi. 
Avoid exposure of, or injury to, the capsule of the calca- 
neocuboid joint. 

Release the peroneus longus and the peroneus brevis 
from their tendon sheaths on the lateral surface of the 
calcaneus (TECH FIG 1B). 


Resect the intervening tendon sheaths and, if large, the 
peroneal tubercle. Z-lengthen the peroneus brevis ten- 
don. Do not lengthen the peroneus longus. 

Divide the aponeurosis of the abductor digiti minimi at a 
point about 2 cm proximal to the calcaneocuboid joint 
(TECH FIG 1C). 

Identify the interval between the anterior and middle 
facets of the subtalar joint with a Freer elevator. Insert 





TECH FIG 1 © A. Modified Ollier incision marked in a Langer skin line halfway between the tip of the lateral malle- 
olus and the beak of the calcaneus (two dots), and extending from the superficial peroneal nerve (dotted line) to 
the sural nerve. B. The peroneus brevis (above) and the peroneus longus (below) have been released from their ten- 
don sheaths. C. The soft tissue contents have been elevated from the isthmus of the calcaneus. The peroneus brevis 
is lengthened and the peroneus longus is retracted. The aponeurosis of the abductor digiti minimi is exposed for 
release. D-F. Finding the interval between the anterior and middle facets of the subtalar joint. D. A Freer elevator 
is inserted perpendicular to the lateral border of the calcaneus just proximal to the beak of the calcaneus. It makes 
contact with the middle facet. E. The Freer is rotated distally until the tip falls into the interval between the ante- 
rior and middle facets. F. This is confirmed with the mini-fluoroscope. (From Mosca VS. Calcaneal lengthening 
osteotomy for valgus deformity of the hindfoot. In: Tolo V, Skaggs D, eds. Master Techniques in Orthopaedic 
Surgery: Pediatric Orthopaedics. Philadelphia: Lippincott Williams & Wilkins, 2008.) 
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it into the sinus tarsi perpendicular to the lateral cortex 
of the calcaneus at the level of the isthmus (ie, the low- 
est point of the dorsal cortex in the sinus tarsi proximal 
to the beak and distal to the posterior facet) (TECH 
FIG 1D). The middle facet will be encountered. 

Slowly angle the Freer distally until it falls into the interval 
between the anterior and middle facets (TECH FIG 1E). 
Confirm that the Freer is in the interval using fluoroscopy 
(TECH FIG 1F). 


Replace the Freer with a curved Joker elevator. Place a 
second Joker elevator around the plantar aspect of the 
calcaneus in an extraperiosteal plane in line with the 
dorsal Joker. 

Remove the Jokers and prepare the exposures for the 
other procedures before performing the calcaneal 
osteotomy. 


MEDIAL SOFT TISSUE PLICATION EXPOSURE AND PREPARATION 


Make a longitudinal incision along the medial border of 
the foot starting at a point just distal to the medial malle- 
olus and continuing to the base of the first metatarsal. 
Release the tibialis posterior from its tendon sheath. Cut 
the tendon in a Z-fashion, releasing its dorsal half from 
the navicular (TECH FIG 2A). The stump of tendon re- 
maining attached to the navicular contains the plantar 
half of the fibers. 





Incise the talonavicular joint capsule from dorsal-lateral 
to plantar-lateral, including the spring ligament. 

Resect a 3-5 mm-wide strip of capsule from the medial 
and plantar aspects of this redundant tissue (TECH 
FIG 2B). 





TECH FIG 2 © A. The tibialis posterior is cut in a Z-fashion, releasing the dorsal slip from the navicular. 
B. The talonavicular joint capsule is released from dorsolateral to plantar-lateral, including release of 
the spring ligament. A 3- to 5-mm-wide strip of redundant capsule is resected from its plantar-medial 
aspect. (From Mosca VS. Calcaneal lengthening osteotomy for valgus deformity of the hindfoot. In: Tolo 
V, Skaggs D, eds. Master Techniques in Orthopaedic Surgery: Pediatric Orthopaedics. Philadelphia: 


Lippincott Williams & Wilkins, 2008.) 


ACHILLES TENDON OR GASTROCNEMIUS LENGTHENING 


Assess the equinus contracture by the Silfverskidld test 
with the subtalar joint inverted to neutral and the knee 
both flexed and extended. 

Perform a gastrocnemius recession if 10 degrees of dor- 
siflexion can be achieved with the knee flexed, but not 
with it extended. 

Perform an open or percutaneous Achilles tendon 
lengthening if 10 degrees of dorsiflexion cannot be ob- 
tained even with the knee flexed (TECH FIG 3). 


TECH FIG 3 e The Achilles tendon or the gastrocnemius tendon 
is lengthened based on the results of the Silfverskidld test. 
(From Mosca VS. Calcaneal lengthening osteotomy for valgus 
deformity of the hindfoot. In: Tolo V, Skaggs D, eds. Master 
Techniques in Orthopaedic Surgery: Pediatric Orthopaedics. 
Philadelphia: Lippincott Williams & Wilkins, 2008.) 
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CALCANEAL OSTEOTOMY AND BONE GRAFT INTERPOSITION 


Replace the Joker elevators, or Crego retractors, both 

dorsal and plantar to the isthmus of the calcaneus, meet- 

ing in the interval between the anterior and middle 

facets of the subtalar joint. 

Perform an osteotomy of the calcaneus using a sagittal 

saw or osteotome (TECH FIG 4A). 

=" |t is an oblique osteotomy from proximal-lateral to 
distal-medial that starts about 2 cm proximal to the 
calcaneocuboid joint (at the lowest point of the calca- 
neus proximal to the beak) and exits between the an- 
terior and middle facets (TECH FIG 4B). 

= Itis acomplete osteotomy through the medial cortex. 
Cut the plantar periosteum and long plantar ligament 
(not the plantar fascia) under direct vision if necessary 
(ie, if these soft tissues resist distraction of the bone 
fragments). 

Insert a 2-mm smooth Steinmann pin retrograde from 

the dorsum of the foot passing through the cuboid, 








across the center of the calcaneocuboid joint, and stop- 
ping at the osteotomy (TECH FIG 4C,D). 
=" This is performed with the foot in the original de- 
formed (everted) position before the osteotomy is 
distracted. By so doing, the pes acetabulum (navicu- 
lar, spring ligament, anterior facet of calcaneus) will 
be maintained intact and the distal fragment of the 
calcaneus will not subluxate dorsally on the cuboid 
during distraction of the osteotomy. 
Insert a 0.062-inch smooth Steinmann pin from lateral to 
medial in both of the calcaneal fragments immediately 
adjacent to the osteotomy. These will be used as joysticks 
to distract the osteotomy at the time of graft insertion. 
Place a smooth-toothed lamina spreader in the os- 
teotomy and distract maximally, trying to avoid crushing 
the bone (TECH FIG 4E). 
Assess deformity correction of the hindfoot clinically and 
using mini-fluoroscopy. The deformity is corrected when 
the axes of the talus and first metatarsal are colinear in 
both the AP and lateral planes (TECH FIG 4F,G). 


TECH FIG 4 e A. With Joker and Crego retractors surrounding the isthmus of the cal- 
caneus and meeting in the interval between the anterior and middle facets, the os- 
teotomy is performed with a sagittal saw in line with the retractors. B. Fluoroscopic 
appearance of the osteotomy in the proper location. C. With the foot in the original 
flat and everted position, a 2-mm smooth wire is inserted retrograde from the dor- 
sum of the foot through the middle of the calcaneocuboid joint, stopping at the os- 
teotomy. D. Position of the wire at the calcaneocuboid joint is confirmed with fluo- 
roscopy. E. Steinmann pins in the proximal and distal calcaneal fragments can be used 
as joysticks to distract the osteotomy during graft insertion. The lamina spreader is 
used to determine the necessary graft size. F,G. Fluoroscopy can help confirm the re- 
quired graft size by showing, with the lamina spreader opened, when the talonavic- 
ular joint is aligned and the talus and first metatarsal axes are colinear. (continued) 
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Measure the distance between the lateral cortical margins 
of the calcaneal fragments. This is the lateral length dimen- 
sion of the trapezoidal iliac crest graft that will be obtained 
either from the child’s iliac crest or from the bone bank. 
= The trapezoid should taper to a medial length dimen- 
sion of 20% to 30% of the lateral length (TECH FIG 4H). 
The calcaneal lengthening osteotomy is a distraction 
wedge rather than a simple opening wedge, as the cen- 
ter of rotation is the center of the talar head, not the 
medial cortex of the calcaneus. 
Remove the laminar spreader and use the Steinmann pin 
joysticks to distract the calcaneal fragments. 
Insert and impact the graft with the cortical surfaces 
aligned from proximal to distal in the long axis of the 





TECH FIG 4 e (continued) H. The tricortical iliac 
crest bone graft is frequently 11 to 15 mm in lateral 
length and 3 to 5 mm in medial length. The cortical 
surfaces are aligned with the dorsal, lateral, and 
plantar cortical surfaces of the calcaneus. I. The 
graft is impacted and usually inherently stable. 
Nevertheless, the 2-mm Steinmann pin can be ad- 
vanced retrograde through the graft and into the 
posterior calcaneal fragment for additional stabil- 
ity. (From Mosca VS. Calcaneal lengthening os- 
teotomy for valgus deformity of the hindfoot. In: 
Tolo V, Skaggs D, eds. Master Techniques in 
Orthopaedic Surgery: Pediatric Orthopaedics. 
Philadelphia: Lippincott Williams & Wilkins, 2008.) 


foot (TECH FIG 41). This will place the cancellous bone of 
the graft in direct contact with the cancellous bone of 
the calcaneal fragments. 
= Advance the previously inserted 2-mm Steinmann pin 
retrograde through the graft and into the proximal cal- 
caneal fragment. Bend the pin at its insertion site on the 
dorsum of the foot for ease of retrieval in the clinic. 
=" No additional fixation is required. In fact, were the 
pin not needed to prevent subluxation at the calca- 
neocuboid joint, no graft fixation would be needed. 


= Repair the peroneus brevis tendon with an absorbable 


suture after a 5- to 7-mm lengthening. 





MEDIAL SOFT TISSUE PLICATION 


Plicate the talonavicular joint capsule plantar-medially, 
but not dorsally (TECH FIG 5A). 





= — Advance the proximal slip of the tibialis posterior about 
5 to 7 mm through the distal stump of the tendon using 
a Pulvertaft weave with an absorbable suture material 
(TECH FIG 5B,C). 


TECH FIG 5 e A. The plantar and medial aspects of 
the talonavicular joint capsule are repaired side to 
side with large-gauge dissolving suture material; the 
redundant capsule has already been resected. B,C. 
The proximal slip of the tibialis posterior is advanced 
distally through a slit in the distal stump of the ten- 
don and repaired with large-gauge dissolving su- 
tures. (From Mosca VS. Calcaneal lengthening os- 
teotomy for valgus deformity of the hindfoot. In: 
Tolo V, Skaggs D, eds. Master Techniques in 
Orthopaedic Surgery: Pediatric Orthopaedics. 
Philadelphia: Lippincott Williams & Wilkins, 2008.) 
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MEDIAL CUNEIFORM OSTEOTOMY 


Assess the forefoot for structural supination deformity 
by holding the heel with the ankle in neutral dorsiflex- 
ion and viewing in line with the axis of the foot from 
toes to heel. 

Visualize the plane of the metatarsal heads in relation to 
the long axis of the tibia (TECH FIG 6A). 

Also assess the dorsal-plantar mobility of the first 
metatarsal—-medial cuneiform joint. 


" A plantarflexion osteotomy of the medial 


forefoot-midfoot is required if the metatarsals are 
supinated. 








A plantar-based closing wedge osteotomy in the midpor- 
tion of the medial cuneiform is an effective procedure to 
correct this deformity (TECH FIG 6B). The plantar base of 
the resected wedge generally measures 4 to 7 mm in 
length. 

The osteotomy is closed and internally fixed with a 0.062- 
inch smooth wire staple inserted from plantar to dorsal. 
Check to ensure correction of the forefoot deformity 
(TECH FIG 6C). 





Cc 


TECH FIG 6 « A. The rotational alignment of the forefoot is assessed after correction of the hindfoot deformity 
and the heel cord contracture. If, as in this case, the forefoot is supinated, an osteotomy of the forefoot is required. 
B. A medial cuneiform plantar-based closing wedge osteotomy will correct the supination deformity of the fore- 
foot. C. Forefoot deformity has been corrected. (From Mosca VS. Calcaneal lengthening osteotomy for valgus de- 
formity of the hindfoot. In: Tolo V, Skaggs D, eds. Master Techniques in Orthopaedic Surgery: Pediatric 
Orthopaedics. Philadelphia: Lippincott Williams & Wilkins, 2008.) 


PEARLS AND PITFALLS 





Indications 


Calcaneal osteotomy location 


Lateral soft tissue management 


Calcaneocuboid joint protection 


Forefoot supination deformity 


Achilles or gastrocnemius contracture 
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= Flexible flatfoot is a normal foot shape that rarely causes pain or disability. Associated 


contracture of the Achilles or gastrocnemius tendon may cause pain that interferes with 
the enjoyment of desired activities. Pain that cannot be relieved by prolonged attempts 
at conservative management is the absolute indication for surgery. 


= The surgeon should try to find the interval between the anterior and middle facets of 


the subtalar joint to create an extra-articular osteotomy, although only about 60% of 
individuals have separate facets. 


= The surgeon lengthens the peroneus brevis and the aponeurosis of the abductor digiti 


minimi to facilitate distraction of the bone fragments. However, the peroneus longus is 
not lengthened. The latter is the plantarflexor of the medial forefoot. Lengthening the lat- 
eral bony column of the foot results in a relative shortening of the peroneus longus, which, 


in turn, plantarflexes the medial forefoot to help correct the supination deformity. 


# Inadvertent subluxation of the calcaneocuboid joint when the calcaneal osteotomy is 


distracted can be prevented by inserting a retrograde smooth Steinmann pin across the 
middle of the joint before the fragments are distracted. 


= The surgeon must not ignore the forefoot deformity. It is assessed intraoperatively 


after correction of the hindfoot deformity. Significant uncorrected residual forefoot 

supination deformity will create a bipod, rather than the normal tripod, foot with lack 
of support under the first metatarsal head. If untreated, this may lead to recurrence of 
valgus deformity of the hindfoot. A plantar-based closing wedge osteotomy of the me- 
dial cuneiform is performed if necessary. 


contracted tendon should be lengthened. 


= This is the deformity that changed a normal flexible flatfoot into a painful flatfoot. The 
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POSTOPERATIVE CARE 


= The incisions are closed with absorbable sutures. 

=" A well-padded short-leg non-weight-bearing cast is applied 
and bivalved to allow for swelling overnight. 

=" Radiographs in the cast are obtained (FIG 5). 

=" The patient is discharged from the hospital the following 
day after the bivalved cast is overwrapped with cast material. 
= The patient is immobilized in a below-knee cast and is not 
permitted to bear weight on the operated extremity for 8 
weeks. 

= At 6 weeks, the cast is removed to obtain simulated stand- 
ing AP and lateral radiographs and to remove the Steinmann 
pin. Another below-the-knee non-weight-bearing cast is 
applied. 

=" On removal of this cast 2 weeks later, final simulated stand- 
ing AP and lateral radiographs are obtained. 

=" Over-the-counter arch supports are used indefinitely. 

= Physical therapy is rarely needed. 


OUTCOMES 


=" The calcaneal lengthening osteotomy has the best-reported 
long-term results for any procedure that has been used to cor- 
rect flatfoot deformity. 

= It has been shown to correct all components of even severe 
valgus—eversion deformity of the hindfoot, restore function of 
the subtalar complex, relieve symptoms, and, at least theoret- 
ically, protect the ankle and midtarsal joints from early degen- 
erative arthrosis by avoiding arthrodesis. 





FIG 5 e Final radiographs in the bivalved cast. A. On the AP view, note the 
correction of the external rotation deformity at the talonavicular joint as 
also assessed by the talo—first metatarsal angle. B. The lateral view demon- 
strates dorsiflexion of the talus, alignment at the talonavicular joint, correc- 
tion of the talo-first metatarsal angle, and normalization of the calcaneal 
pitch. (From Mosca VS. Calcaneal lengthening osteotomy for valgus defor- 
mity of the hindfoot. In: Tolo V, Skaggs D, eds. Master Techniques in 
Orthopaedic Surgery: Pediatric Orthopaedics. Philadelphia: Lippincott 
Williams & Wilkins, 2008.) 


COMPLICATIONS 


=" Subluxation of the calcaneocuboid joint when the calcaneal 
osteotomy is distracted may occur. This can be avoided by 
lengthening the peroneus brevis, releasing the aponeurosis of 
the abductor digiti minimi, releasing the plantar calcaneal pe- 
riosteum and long plantar ligament (mot the plantar fascia), 
and pinning the calcaneocuboid joint in a retrograde fashion 
before the osteotomy is distracted. 

=" Deformity correction may be incomplete. This can be avoided 
by performing the procedures listed just above and by releasing 
the entire dorsal talonavicular joint capsule. The surgeon should 
use a graft that is large enough to make the axes of the talus and 
the first metatarsal colinear in both planes. This is confirmed 
with intraoperative imaging, such as mini-fluoroscopy. 

= Persistent equinus can be avoided by lengthening the con- 
tracted Achilles tendon or gastrocnemius tendon. 

= Persistent supination deformity of the forefoot on the hind- 
foot can be avoided by identifying it after the calcaneal length- 
ening and heel cord lengthening. It is treated with a medial 
cuneiform plantar-based closing wedge osteotomy. 
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DEFINITION 


=" Shortening of the Achilles tendon, gastrocsoleus complex 
(triceps surae), or both results in an equinus (plantarflexed) 
position of the calcaneus relative to the tibia. 
=" An equinus deformity is either congenital or acquired and 
can be dynamic or rigid. 
" A dynamic deformity will correct with passive 
manipulation. 
= A rigid, or fixed, deformity does not correct. 
= Achilles or gastrocsoleus contracture often occurs in combi- 
nation with other soft tissue contractures. 


ANATOMY 


= The two heads of the gastrocnemius originate on the poste- 
rior aspect of the medial and lateral condyles of the distal femur. 
" The muscle fibers terminate at the muscle-tendon junc- 
tion at the midcalf. 
" From here, the Achilles tendon is joined by tendon fibers 
from the posterior aspect of the soleus as the tendon courses 
distally. 
=" The tendon is broad proximally and then becomes rounded 
at the midsection when it undergoes a 90-degree internal rota- 
tion before its insertion on the posterosuperior third of the cal- 
caneus. 
" The rotation causes the medial fibers of the midtendon to 
insert on the posterior portion of the calcaneus (FIG 1). 
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FIG 1° A. Posterior view of Achilles tendon, demonstrating 90- 
degree rotation of tendon fibers from posterior to medial and 
anterior to lateral. B. This can be easily remembered since it is a 
similar alignment to a crossed index and middle finger. 
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" The insertion footprint is delta-shaped, and a small por- 
tion of the fibers course distally to meet the origin of the 
plantar fascia. 

=" The blood supply of the Achilles tendon is limited. 
" The proximal portion is supplied by branches from within 
the gastrocnemius muscle. 
" The distal portion is supplied by branches from the 
tendon—bone interface. 
" There is no true synovial sheath. Instead, the surrounding 
paratenon, comprising loose connective tissue, supplies the 
rest of the blood supply via branches from the posterior tib- 
ial artery and, to a lesser degree, the peroneal artery.* 

= There are two synovial bursae at the Achilles tendon inser- 

tion site. 
" One is subcutaneous, located between the skin and ten- 
don, and the other is deep, located between the tendon and 
the calcaneus. 


PATHOGENESIS 


=" The pathogenesis of congenital equinus is poorly under- 
stood and it is often associated with other limb deformities, 
such as clubfoot or congenital vertical talus. 
=" Acquired equinus deformity secondary to cerebral palsy re- 
sults from muscle spasticity or imbalance, leading to subse- 
quent contracture of the Achilles tendon and gastrocsoleus 
complex. 
=" Muscle imbalance and spasticity in spastic diplegic cere- 
bral palsy often results in equinoplanovalgus deformity. 
= Muscle imbalance and spasticity in spastic hemiplegic cere- 
bral palsy often results in equinus or equinovarus deformity. 
=" Compensatory balance mechanisms to help maintain ambu- 
lation in patients with Duchenne muscular dystrophy also may 
result in equinus deformity. 
= Posttraumatic equinus can also be a result of severe burns 
and posterior scar contracture, postburn positioning, anterior 
leg muscle loss, or continued tibial growth in a rigid scar.” 
= Talocrural and subtalar capsular adhesions and an abnor- 
mal tibiotalar articulation may also contribute to loss of dor- 
siflexion and equinus deformity. 


NATURAL HISTORY 


= Fixed equinus deformity will not correct spontaneously and 
requires prescribed stretching, surgical intervention, or both.* 
=" Equinus associated with cerebral palsy is progressive. 
Despite both conservative and surgical treatments, the defor- 
mity can recur due to persistent spasticity, muscle imbalance, 
or limb growth. 

=" Equinus deformity results in abnormal gait because of 
altered ankle range of motion and decreased ankle plan- 
tarflexion moment during terminal stance. It can result in 
chronic pain, poorly fitting footwear, callosities on the plan- 
tar forefoot, and possible skin ulceration in patients with al- 
tered sensation. 
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PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Birth history may reveal gestational or perinatal complica- 
tions, such as traumatic brain injury or global hypoxic events, 
which are risk factors for cerebral palsy. 
=" Family history may reveal an inherited neuromuscular dis- 
ease or idiopathic toe walking. 
= A delay in gross motor milestones may suggest the presence 
of a static neurologic disorder such as cerebral palsy, while re- 
gression of gross motor function may suggest a progressive 
neuromuscular disease such as muscular dystrophy or Rett 
syndrome. 
= The age of equinus deformity onset will depend on the 
type and severity of the underlying condition. 
= Posttraumatic equinus, particularly a burn, should prompt 
questions regarding severity of the soft tissue loss, type of 
treatment, period of immobilization, and current problems 
with skin ulceration to assess the severity of scarring and over- 
lying skin quality. 
= Physical examination should include a thorough examina- 
tion of the entire lower extremities to look for associated de- 
formities at the hip, knee, hindfoot, and forefoot. 
= The patient is examined supine on the examination table. It 
is important that the table has a hard surface so as not to mask 
any other contractures. 
" Ankle range of motion: Absence of dorsiflexion beyond 
neutral is ankle equinus. 
= Silfverskiold test: A positive test indicates isolated gastroc- 
nemius contracture. This is present if ankle equinus is present 
with the knee extended, but improves with knee flexion. 
" Palpation of Achilles tendon: A tight tendon suggests 
spasticity of the gastrocsoleus complex or contracture of the 
Achilles tendon. 
" Palpation of posterior tibial and peroneal tendons: Taut 
tendons suggest additional contracture or spasticity of the 
involved musculotendinous units contributing to the ankle 
equinus contracture. 
= Ankle clonus: More than two beats of clonus is abnormal 
and indicates gastrocsoleus spasticity or an upper motor 
neuron lesion. 
= If the child is ambulatory, the clinician should observe the 
gait in a hallway or large area where the patient can both walk 
and run. 
= Socks, shoes, and clothing that extends below the knee 
are removed. 
" Hindfoot alignment is best observed from behind. 
" The foot progression angle (axis of the foot to the axis of 
progression) and any associated coronal plane abnormali- 
ties, such as scissoring (excessive hip adduction during gait), 
knee progression angle, and pelvic rotation, are best ob- 
served from the front. 
= Ankle equinus and any associated sagittal plane abnor- 
malities, such as a crouch gait (hip and/or knee flexion con- 
tracture) or a stiff-knee gait (decreased knee range of motion 
during swing phase), are best observed from the side. 

In mild equinus, the normal heel-to-toe gait of the 
plantargrade foot will be replaced with early lift-off dur- 
ing stance. Subtle deformity in patients with cerebral 
palsy is often unmasked by asking the patient to run. In 
severe equinus, the heel will not make contact during 
heel-strike. 


Equinovarus or equinoplanovalgus deformity will 
cause initial contact during gait to occur on either the lat- 
eral or medial border of the foot, respectively. There may 
be a callus or foot pain at the area of initial contact. 

=" The alignment and passive range of motion of the lum- 
bosacral spine, pelvis, hips, and knees must also be tested, 
since equinus may be a functional compensation for coexistent 
contractures. 

= Associated muscle spasticity or contracture in cerebral palsy 
should be diagnosed with the appropriate physical examina- 
tion maneuvers described in the relevant chapters. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Anteroposterior (AP) and lateral weight-bearing radi- 
ographs of the affected ankle should be obtained. 
= QOssification centers of the talus, calcaneus, and cuboid 
are present at infancy. The navicular does not appear until 
age 3 to 4 years. 
= Equinus deformity will result in a decreased lateral tibio- 
calcaneal angle. Normal values range from 25 to 60 degrees. 
It can be difficult to measure this angle in young children 
with a partially ossified calcaneus. 
= Although usually associated with hindfoot varus, equinus 
deformity can also result in a decreased lateral talocalcaneal 
angle (intersection of a line through the longitudinal axis of 
the talus and a line along the plantar surface of the calca- 
neus; FIG 2). The normal range is 25 to 55 degrees. 
" Bony abnormalities, such as a flattened talar dome or an- 
terior talar neck and anterior distal tibial osteophytes, can 
also contribute to ankle equinus contracture. 
=" Arthrography may be useful to compare talocrural and sub- 
talar motion during ankle dorsiflexion and plantarflexion to 
reveal capsular contractures contributing to restricted dorsi- 
flexion and equinus deformity.° 


DIFFERENTIAL DIAGNOSIS 


=" Congenital equinus 
" Talipes equinovarus (clubfoot) 
" Planovalgus 
= Congenital vertical talus 
" Arthrogryposis 
" Tibial hemimelia 
= Acquired equinus 
" Neuromuscular 
Cerebral palsy 
Myelomeningocele 





FIG 2 e Measurement of the lateral talocalcaneal angle. The 
normal range of 25 to 55 degrees is decreased in equinus. 
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Charcot-Marie-Tooth 

Spinal muscular atrophy 

Sacral agenesis 

Rett syndrome or other genetic neuromuscular 

diseases 

" Posttraumatic 

Posterior scar contracture 

Posttrauma positioning 

Anterior leg muscle loss 

Continued tibial growth in a rigid scar 
" Other 

Idiopathic toe walking 

Juvenile arthropathy 


NONOPERATIVE MANAGEMENT 


=" Many children with equinus deformity secondary to a 
contracture of the Achilles tendon or gastrocnemius-—soleus 
complex can be successfully managed with nonoperative 
treatment. 
« This is typically performed with serial casting for 3 to 6 
weeks or more to achieve neutral sagittal alignment. 
" The success of nonoperative management depends on the 
age of the patient, the severity of the deformity, and the 
cause of the equinus. 
= In patients with equinus and cerebral palsy, early surgery 
may have an unpredictable outcome, with high rates of 
recurrence, 
" For this reason, surgery is often delayed with nonopera- 
tive treatments until after age 6 years. 
= Physical therapy for Achilles tendon stretching helps correct 
and maintain correction of equinus deformity. 
" The efficacy of stretching is likely dependent on the dura- 
tion and frequency of stretching. 
=" Use of an ankle—-foot orthosis (AFO) in patients with cere- 
bral palsy and dynamic equinus is a useful adjunct to nonsur- 
gical management. 
=" Botulinum toxin A (BtA) has been shown to be at least as ef- 
fective as serial casting, with fewer side effects and more pro- 
longed benefit.’ 
= Serial casting and physical therapy are recommended as 
an adjunct to BtA injections. 
=" Oral medications for muscle relaxation, such as baclofen, 
diazepam, dantrolene sodium, and tizanidine, can be helpful in 
selected patients with cerebral palsy if generalized reduction in 
tone is desired. 


SURGICAL MANAGEMENT 


=" Indications for surgical management include fixed ankle 
equinus that exists with the knee flexed as well as extended 
and that also interferes with normal gait. 
" Clinical difficulties may include pain with weight bearing, 
toe walking, callosities on the plantar forefoot, poorly fit- 
ting orthoses, or plantar midfoot pain. 
= Surgical management of fixed ankle equinus in knee exten- 
sion that disappears in knee flexion should consist of surgery 
to the gastrocnemius fascia alone. 
= Especially in patients with cerebral palsy, surgical manage- 
ment of ankle equinus should include concurrent treatment of 
all pelvic and lower extremity deformities, particularly ham- 
string contractures.” 





FIG 3 « Prone positioning of patient on table with appropriate 
hip and knee padding during anesthesia. 


Preoperative Planning 


=" The quality of the overlying skin will be crucial for success- 
ful wound healing and should be considered during the preop- 
erative planning phase. 
" Inadequate skin elasticity may require incomplete correc- 
tion and staged surgery or staged casting in the postopera- 
tive period. 

" In severe posttraumatic cases, tissue loss and significant 
scarring may require additional tissue transfer procedures. 
=" In cerebral palsy patients with severe spasticity, examination 
under anesthesia can help determine if equinus deformity is 
dynamic or fixed, since paralytic medications during anesthe- 

sia eliminate spasticity. 

Positioning 

= The patient can be positioned either prone or supine. 
" The prone position allows improved access to the tibiota- 
lar and subtalar joint capsules but requires careful padding 
to the hips and knees (FIG 3). 
" We prefer the supine position for patients undergoing iso- 
lated tendo Achilles lengthening. 

= A thigh tourniquet can be used. 

= The leg is prepared sterilely from the tourniquet distally. 
" If other concurrent soft tissue tendon lengthenings are to 
be performed, the patient is positioned and prepared accord- 
ing to the additional procedures. 


Approach 


= To avoid postoperative wound complications, a longitudi- 
nal incision along the anteromedial border of the Achilles ten- 
don is recommended. 
" This decreases the risk of wound dehiscence, since the 
thinnest portion of the overlying skin is directly posterior to 
the tendon and should remain intact. 
" For sliding procedures, a modified approach that ex- 
poses only the transected portion of the tendon can also be 
performed. 
=" The open sliding Achilles lengthening technique, first de- 
scribed by White,’ is performed with partial transections at the 
(1) proximal and medial and (2) distal and anterior portions of 
the tendon. The 90-degree rotation of the tendon fibers be- 
tween the transected areas maintains continuity of the tendon 
fibers as the tendon is lengthened (FIG 4A). 
=" The modified open sliding Achilles lengthening technique 
decreases the size of the skin incision but uses the same tech- 
nique of a sliding Achilles lengthening. 
=" The open Achilles Z-lengthening procedure uses the same 
incision and closure as the modified approach. Here, the entire 
tendon is divided in a Z-fashion (FIG 4B), and the two sides 
or ends of the tendon are sutured to each other. 
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FIG 4° A. Posterior view of Achilles tendon demonstrating distal anterior and 
proximal medial transections and subsequent sliding of attached tendon fibers 
during dorsiflexion. B. Posterior view of planned Achilles tendon sectioning to 
Lateral achieve Z-lengthening. 
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OPEN SLIDING ACHILLES LENGTHENING 


= The incision is made along the anteromedial border of paratenon sheath surrounding the tendon has been 
the Achilles tendon. fully incised to form a small opening. 
= The skin incision begins just proximal to the calcaneal = The sheath comprises multiple thin layers, and full di- 
insertion (TECH FIG 1A) and continues proximally to vision of these layers is apparent once the gleaming 
the proximal extent of the tendon. white tissue of the tendon is encountered and the 
= At the proximal portion of the incision, sharply divide surgeon's forceps can no longer grasp any interven- 
the subcutaneous fat in line with the incision. ing tissue. 
= There are no neurovascular structures at risk hereand ® Using round-tipped dissecting scissors directed distally 
the incision can be directed deeply until the and laterally and aligned longitudinally with the tendon, 





TECH FIG 1 « A. Planned incision along anteromedial border of tendon. 
B. Full exposure of the tendon has been achieved and the blade, cutting 
edge directed inferiorly, is inserted into the tendon in the coronal plane, di- 
viding the anterior two thirds and posterior one third of the tendon. C. The 
medial two thirds of the proximal Achilles tendon has been transected and 
the ankle has been dorsiflexed to separate the tendon fibers. D. The ankle 
is dorsiflexed to the desired position. 
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pass one blade inside the paratenon and cut both the 

subcutaneous fat and sheath together until the calcaneal 

insertion is reached. 

= This maintains attachment of the sheath to the subcu- 
taneous fat, preserving the blood supply and provid- 
ing closure of the sheath with approximation of the 
subcutaneous fat during wound closure. 

= The tendon should now be completely exposed. 

Insert a new blade, cutting edge inferior, just proximal to 

the calcaneus in the coronal plane between the anterior 

two thirds and posterior one third of the distal tendon 

(TECH FIG 1B). 

= Rotate the blade so the cutting edge is anterior and di- 
vide the anterior two thirds of the tendon transversely. 

Identify the most proximal portion of the tendon that 

has been exposed. 

=" Again, transversely divide the medial two thirds of 
the tendon, taking care to avoid any underlying mus- 
cle fibers of the soleus (TECH FIG 1C). 


= Slowly dorsiflex the foot with firm pressure to cause the 
divided portions of the tendon to slide past one another 
until 10 degrees of dorsiflexion is achieved (TECH FIG 1D). 

= Maintain the desired correction of alignment while clos- 
ing the wound to allow even distribution of any new 
tension of the surrounding tissues. 
= Avoid overtensioning, which presents as complete 

blanching of the skin; it may lead to skin necrosis. 

= Using fine absorbable suture, loosely approximate the 
subcutaneous fat with several simple interrupted su- 
tures. Then run the suture in the subcuticular tissue to 
close the skin. 

= ~~ Although a long-leg cast was initially recommended with 
this surgery, we prefer a short-leg cast with the ankle 
and subtalar joints in neutral positioning. 





MODIFIED OPEN SLIDING ACHILLES LENGTHENING 


Identify the anteromedial border of the Achilles tendon 

as described previously and, with a pen, draw the length 

of incision as if planning a fully open procedure. 

= This helps ensure alignment of the two incisions and 
avoids gaping of the wound after dorsiflexion and 
subsequent uneven tensioning of the skin. 

= Using askin blade, create two short longitudinal inci- 
sions at the distal and proximal ends of the drawn 
line (TECH FIG 2). 

As previously described, sharply dissect the overlying tis- 

sues to reach the Achilles tendon at the proximal and dis- 

tal incisions and partially divide the tendon at each area 

of exposure. 

As for the original open lengthening technique, slowly 

dorsiflex the foot with gentle pressure to cause the di- 

vided portions of the tendon to slide past one another 

until 10 degrees of dorsiflexion is achieved. 

Close the subcutaneous tissues and skin and apply a 

short- or long-leg cast as described previously. 


OPEN ACHILLES Z-LENGTHENING 


Once the entire tendon has been exposed through the 
anteromedial approach, gently retract the most distal 
and medial tissues anteriorly to protect the underlying 
neurovascular structures. 
Align a new no. 15 blade longitudinally with the tendon 
fibers at the midpoint of the tendon in the sagittal 
plane. Introduce the blade deeply into the tendon until 
there is a discernable release in resistance, signifying 
complete transection through the tendon. 
= Alternately, a small osteotome may be introduced 
along the anterior border of the tendon, and the 
blade can be carried safely through the entire tendon 
until metal-on-metal contact. 





TECH FIG 2 ®« The incision is marked as if planning for an 
extensive exposure, except only the most proximal and distal 
2 cm are used to expose the medial aspect of the Achilles 
tendon. 


= Carry the incision distally until the calcaneal insertion is 
reached (TECH FIG 3A). 
= Without removing the blade, rotate the blade medially 
90 degrees and with a slight sawing motion, transversely 
divide the medial portion of the tendon. 
= Once this is achieved, retraction of the medial structures 
can be safely released. 
= Return the blade to the proximal starting point and ex- 
tend the division proximally until an adequate portion of 
the tendon is involved. 
=" This is usually about two thirds of the Achilles tendon 
but will ultimately depend on the desired lengthen- 
ing and overlap between the two ends. 
=" Take care to stay along the midline of the tendon. 


this transverse plane (TECH FIG 3B). niques are acceptable for reapproximation. 
= The entire tendon should now be divided in a Z-fashion = The intratendinous technique reduces exposed suture 
(TECH FIG 3C). and diminishes inflammatory reaction around the su- 
= Dorsiflex the ankle to neutral. Under moderate tension, ture, and is recommended. 
reapproximate the sides of the tendon with a braided = The simplest of these is the modified Kessler suture 


nonabsorbable suture. 


= This can be done with multiple interrupted simple or ™ Apply either along- or short-leg plaster cast as discussed 
vertical mattress sutures (TECH FIG 3D). above. 

=" Alternately, the overlapping ends of the tendon can 
be excised for approximation of the ends. 


TECH FIG 3 « A. Full exposure of the Achilles tendon has been achieved and the initial transection in the sagittal plane, 
dividing the medial and lateral halves of the tendon, has been performed with a blade. B. The entire tendon is exposed 
and is being transected in a Z-fashion. C. The ankle is dorsiflexed to the appropriate position and the overlapping tendon 
is noted. D. The desired amount of overlapping tendon has been joined with vertical mattress sutures. E. Alternately, the 
tendons can be reapproximated end to end. After Z-lengthening, the remaining overlapping tendon has been removed 
and the ends of the tendon are joined with a nonabsorbable suture and a modified Kessler repair. 


Complete the proximal division of the tendon laterally in. ™ Multiple intratendinous and epitendon suture tech- 








Chapter 83 OPEN LENGTHENING OF THE ACHILLES TENDON 599 [4 


(locking loops of the core suture; TECH FIG 3E). 
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PEARLS AND PITFALLS 





Failure to address 
coexistent contractures 


Surgical indications 
Overlengthening 


Wound healing 


problems 


Inadequate correction 


Revision surgery 


= All associated joint contractures, particularly in cerebral palsy, should be addressed to achieve optimal 
surgical results. 


= Patients with a positive Silfverskidld test should not be treated with an Achilles lengthening. 


# In an open Z-lengthening, repairing the tendon with the ankle in dorsiflexion or under inadequate 
tension can lead to overlengthening. 
# In a sliding lengthening, dorsiflexing the ankle beyond 10 degrees can lead to overlengthening. 


= The paratenon should not be dissected free from the overlying subcutaneous tissue posteriorly. 
= Posterior skin contractures should be treated intraoperatively with tissue transfer procedures or 
postoperatively with undercorrection and serial casting. 


= Severe equinus deformity often requires a concurrent release of the posterior subtalar and tibiotalar 
joint capsules; lengthening of the posterior tibial and peroneal tendons; or both. 

= Failure to extend the Z-lengthening incision to the most proximal portion of the tendon can lead to 
insufficient length of tendon at repair and therefore to undercorrection. 

# In a sliding lengthening, failure to dorsiflex the ankle to 10 degrees with the knee extended and the 
subtalar joint inverted can result in undercorrection. 


= The normal 90-degree spiral architecture of the tendon is altered with surgery, and an open 
Z-lengthening procedure is indicated for revision surgery. 
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POSTOPERATIVE CARE 


= Adequate pain control in the acute postoperative setting is 
imperative. This is both to promote the child’s comfort and to 
reduce additional muscle spasms, which may alter the desired 
surgical correction. 
= Since children with neuromuscular diseases may have sig- 
nificant communicative barriers, pain should be presumed 
to be present and should be treated with both morphine de- 
rivatives and muscle relaxants. 
=" The limb should be elevated as much as possible for 2 or 3 
days until acute swelling resolves. 
=" The child can then become ambulatory and weight bearing 
as tolerated if a sliding tendon lengthening was performed. 
= Patients undergoing open Z-lengthening should remain non- 
weight bearing in a cast until tendon healing is sufficient (6 
weeks). 
=" Once the cast is permanently removed, the child needs post- 
operative physical therapy or use of an AFO, as dictated by the 
diagnosis. 


OUTCOMES 


= Surgical lengthening results in gains in dorsiflexion, from a 
preoperative average of 25 degrees of plantarflexion to 8 de- 
grees of dorsiflexion, without significant changes in the arc 
range of motion. 

=" Correction is maintained in 80% to 90% of patients for at 
least 7 years postoperatively.* 


COMPLICATIONS 


= Calcaneovalgus deformity occurs in less than 2% of open 
Achilles tendon lengthenings. 

=" Recurrent deformity is common in neuromuscular diseases 
Owing to continued spasticity and normal longitudinal tibial 
growth. 


= After surgical correction, 18% of children with diplegia 
and 41% of those with hemiplegia will experience recurrence. 
=" Ambulatory patients maintain correction better than non- 
ambulatory patients. 
" Recurrence is also more frequent in children 4 years or 
younger.’ 
= Wound dehiscence and necrosis are infrequent and the inci- 
dence is not well reported. 
= These can be devastating, however, and should remain a 
matter of concern as potential complications. 
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Split Posterior Tibial 
Tendon Transfer 


David A. Spiegel, Om Prasad Shrestha, and James J. McCarthy 


DEFINITION 


=" The equinovarus deformity involves hindfoot equinus 
and varus and results from imbalance between inversion 
(tibialis posterior, tibialis anterior, or both) and eversion of 
the foot. 

=" The deformity is most common in spastic hemiplegia but 
may also be seen in patients with diplegic and quadriplegic 
involvement. 

=" The deformity may interfere with ambulation, orthotic 
wear, or both. 


ANATOMY 


= The tibialis posterior muscle originates from the posterolat- 
eral aspect of the tibia, the interosseous membrane, and the 
medial fibula. 
= Although the main insertion is into the tuberosity of the 
navicular, fibers also insert onto the cuneiforms, the second 
through fourth metatarsals, the cuboid, and the sustentacu- 
lum tali. 
= The gastrocnemius muscle originates from the posterior sur- 
face of the distal femur, and its tendon blends with the tendon 
of the soleus muscle to form the Achilles tendon, which then 
inserts on the posterior tuberosity of the calcaneus. 
= The soleus muscle takes origin from the posterior portion of 
the upper third of the fibula, the fibrous arch between the tibia 
and the fibula, and the posterior aspect of the tibia. 
= The broad tendinous portion along the posterior aspect of 
the muscle joins with the gastrocnemius tendon to form the 
Achilles tendon. 


PATHOGENESIS 


=" The deformity results from muscle imbalance between plan- 
tarflexion-inversion (strong) and _ dorsiflexion—eversion 
(weak). 
" Spasticity of the tibialis posterior, the tibialis anterior, or 
both may be responsible for the imbalance. 


NATURAL HISTORY 


= The deformity is initially dynamic, with a full range of mo- 
tion on physical examination. 
" A myostatic contracture often develops over time, evi- 
denced by the inability to achieve a full passive range of 
motion. 
" Tethering of growth may subsequently result in structural 
bony deformities such as hindfoot varus. 
= The equinovarus deformity may result in pathologic changes 
in both the stance and swing phases of gait, including impaired 
clearance during swing phase, the inability to preposition the 
foot in terminal swing, and loss of stability during stance 
phase. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients present with progressive gait disturbance, with or 
without pain, and may have difficulty wearing orthotics. 
= Pain is due to the abnormal stress distribution on the plan- 
tar surface of the foot and is commonly experienced over the 
distal fifth metatarsal and the lateral border of the foot. 
Calluses may be observed laterally. 
= Recurrent ankle sprains may occur as the hindfoot rolls into 
varus. 
=" In addition to a comprehensive examination of the spine 
and both extremities, the physical examination focuses on ob- 
servational gait analysis, the presence of and degree of spastic- 
ity in the individual muscle groups, the range of motion (active 
and passive) of the foot and ankle, and the selectivity of motor 
control. 
=" Observational gait analysis focuses on the alignment of the 
foot and ankle during both the swing and stance phases of 
gait. 
" During swing phase, the foot is inverted and plan- 
tarflexed, which impairs clearance. 
" The inability to maintain the foot in neutral plantarflex- 
ion—dorsiflexion during mid-swing may be due to muscle 
weakness (tibialis anterior), muscle spasticity (tibialis ante- 
rior or posterior, gastrocsoleus), or a fixed equinovarus 
deformity. 
= There is inadequate prepositioning of the foot for weight 
acceptance during terminal swing. 
= Initial contact often occurs over the lateral forefoot (no 
heel contact), or over the lateral border of the foot, and the 
foot rolls into varus, which interferes with stability during 
stance phase. 
" The equinovarus deformity may also contribute to in-toe- 
ing (internal foot progression angle). 
= The presence and degree of spasticity should be documented. 
" The most common system for grading is the modified 
Ashworth scale. Each muscle is tested by gentle stretch; for 
example, spasticity of the tibialis posterior is assessed by 
everting the foot, while the gastrocsoleus complex is as- 
sessed by dorsiflexion. 
" The strength of individual muscle groups should be 
graded if possible. 
= ‘Testing the passive range of motion determines whether the 
deformity is dynamic (full passive range of motion) or whether 
there is a myostatic component (restriction of passive range of 
motion). 
" While bench examination provides a useful estimate of 
motion, an examination under anesthesia provides the most 
accurate evaluation, as spasticity is eliminated. Such an ex- 
amination is always performed at the time of surgery to fi- 
nalize the treatment plan. 
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" For patients with an equinovarus deformity, the examina- 
tion focuses on the degree of passive eversion and dorsiflex- 
ion. Equinus contracture is often limited to the gastrocne- 
mius muscle but may also involve the soleus muscle. 
" The Silfverskidld test evaluates the contribution of each 
component of the gastrocsoleus complex to an equinus con- 
tracture, and the amount (in degrees) of passive dorsiflexion is 
quantified with the knee both flexed and extended. The degree 
of passive dorsiflexion with the knee extended indicates the 
absolute magnitude of contracture from the gastrocnemius 
and soleus. Flexion of the knee relaxes the gastrocnemius mus- 
cle and allows the contribution of the soleus to be quantified. 
= Selectivity of motor control is commonly impaired in chil- 
dren with cerebral palsy, and the distal motor groups are more 
involved than the proximal groups. 
" Selectivity is tested by asking the patient to contract an 
isolated muscle group against resistance. 
= If the patient can isolate the muscle and no “overflow” 
movement is observed in other muscle groups of the same 
limb, then adequate selectivity is present. 
" Most commonly, movements of more than one muscle 
group, or the entire limb, are elicited when testing individ- 
ual muscle groups. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" While imaging studies are not routinely obtained, plain ra- 
diographs of the foot may be helpful in the presence of a fixed 
deformity. 
" Weight-bearing anteroposterior (AP) and lateral views 
are reviewed, and a Harris heel view may be considered to 
evaluate the degree of hindfoot varus in the weight-bearing 
position. 
= Instrumented motion analysis (gait analysis) is used in many 
centers to assist with surgical decision making. 
= Slow-motion video is an important component of the 
assessment and supplements the findings on observational 
gait analysis. 
=" Dynamic electromyelography (EMG) monitors the electri- 
cal activity of the tibialis posterior and tibialis anterior 
throughout the gait cycle, determining whether individual 
muscles act out of phase or whether they are continuously 
active throughout the gait cycle (most common). 
" While a surface electrode may be used to assess the tibialis 
anterior, monitoring of the tibialis posterior requires inser- 
tion of a fine-needle electrode. 
= A recent study determined that the deformity was due to 
the tibialis posterior in 33%, the tibialis anterior in 34%, or 
both (31%).’ 
= The hindfoot varus usually occurs in both the stance and 
swing phases of gait. 
" Findings on pedobarography include increased pressure 
across the lateral midfoot, decreased pressure on the heel at 
the time of initial contact, and increased pressure on the lat- 
eral border of the foot throughout stance phase. 


NONOPERATIVE MANAGEMENT 


= Specific aspects within a comprehensive physical therapy 
program include stretching exercises to maintain or improve 
range of motion and strengthening exercises to reduce dy- 
namic muscle imbalance. 


= An ankle-foot orthosis is often required to maintain align- 
ment of the ankle and hindfoot during ambulation. 
= The orthotic facilitates clearance during swing phase by 
maintaining the foot in a neutral position, prepositions the 
foot for initial contact with the ground, and promotes 
stability during stance phase. 
=" Night splinting may help to prevent myostatic contracture. 
= Injection of botulinum toxin A (Botox or Dysport) into the 
tibialis posterior, the gastrocsoleus, or both results in a re- 
versible chemical denervation that decreases spasticity for 
about 3 to 6 months. 
" In addition to reducing dynamic muscle imbalance, a tem- 
porary reduction in spasticity may facilitate stretching exer- 
cises, improve bracing tolerance, and delay the need for 
surgical intervention. 


SURGICAL MANAGEMENT 


= Surgical treatment of the spastic equinovarus foot is offered 
when the deformity impairs ambulation, interferes with brac- 
ing, or both. 
= Recent evidence suggests that the recurrence rate may be 
higher if the procedure is performed before 8 years of age, so 
it may be beneficial to delay split tendon transfer beyond this 
age if possible. 
=" Lengthening of the tibialis posterior muscle may be ade- 
quate for mild deformities. 
" Techniques include a distal Z-lengthening of the tendon 
and an intramuscular recession proximally. 
=" The goal of tendon transfer is to balance the muscle forces 
across the hindfoot to maintain a neutral position during the 
swing and stance phases of gait. 
" A split tendon transfer is preferred as transfer of the en- 
tire tendon is associated with a significant risk of overcor- 
rection. A normal passive range of motion is a prerequisite. 
" In the presence of fixed soft tissue or bony deformity, con- 
comitant muscle lengthening, with or without osteotomy, 
may be required to restore motion and alignment. 
=" Options for split tendon transfer include both the tibialis an- 
terior and the tibialis posterior. 
" Dynamic EMG can help to determine whether one or 
both muscles are contributing to the deformity. 
" A split tibialis anterior tendon transfer, with or without 
concomitant intramuscular lengthening of the tibialis poste- 
rior, may be required in a subset of patients with an equino- 
varus deformity. 
= Several techniques have been described for split tibialis pos- 
terior transfer. 
" The most common involves transferring the split tendon 
(posterior to the tibia and fibula) to the peroneus brevis, ei- 
ther at its insertion or just behind the lateral malleolus. This 
approach focuses on balancing inversion—eversion but does 
not address dorsiflexion weakness (FIG 1). 
= An alternate technique, which may be considered when 
there is inadequate active dorsiflexion, involves anterior 
transfer of the split tendon through the interosseous mem- 
brane to the peroneus brevis (FIG 2A,B) or the lateral 
cuneiform (FIG 2C). 
=" Biomechanical investigations using cadaveric specimens 
have studied the technical aspects of the split tendon transfer. 
= Moran et al'® found that all routing variations reduce the 
ability of the tibialis posterior to invert the hindfoot, that 
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FIG 1 « In the technique described by Kaufer,° the split ten- 
don is routed behind the tibia and fibula (A) and inserted into 
the peroneus brevis tendon (B). C. Alternatively, the split ten- 
don can be woven into the peroneus brevis just behind the 
Peroneus brevis lateral malleolus. This approach is easier and works as well 

C tendon when the tendon is not long enough. 
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FIG 2 « In the technique described by Muller et al,'' the split tendon is passed through the interosseous membrane (A) and through a 
subcutaneous tunnel to insert into the peroneus brevis tendon (B). C. Saji et al'® transferred the split tendon through the interosseous 


mem 


brane into the lateral cuneiform. 
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there was no difference between attaching the tendon prox- 
imally or distally into the peroneus brevis, and that transfer 
through the interosseous membrane reduced the ability to 
plantarflex the foot. Calculation of muscle moment arms 
across the subtalar joint suggested that adequate results 
could be achieved over a wide range of tensioning. 

=" Other procedures are commonly performed in concert with 

a split tibialis posterior tendon transfer. 
" Lengthening of the tendo Achilles (gastrocnemius with or 
without the soleus) is required in most cases of spastic 
equinovarus deformity. Depending on the degree of myosta- 
tic contracture, this can be achieved with either a recession 
technique (Vulpius, Baker) or a tendinous lengthening (open 
Z-plasty, percutaneous or open sliding lengthening). 
" Fixed varus deformity of the hindfoot requires a calcaneal 
osteotomy, either a lateral closing wedge osteotomy 
(Dwyer) or a sliding lateral displacement osteotomy of the 
calcaneus. Options for fixation include a staple, a 
Steinmann pin, or a screw. 
= Older patients with a severe fixed equinovarus deformity 
may require a triple arthrodesis. 
" A subset of patients may also have tibial torsion of a de- 
gree that warrants surgery. Consideration should be given to 
staging the procedures, as one study suggested that tibial 
derotational osteotomy should not be performed at the time 


of tendon transfer because of the increased risk of failure of 
the tendon transfer. 


Preoperative Planning 


= The indications for surgery are based on the physical exami- 
nation, with or without an instrumented motion analysis study. 
=" An examination under anesthesia (eliminates spasticity) is 
performed to assess the range of motion and helps to finalize 
the surgical plan with respect to the type of soft tissue length- 
ening procedure. 
" The findings will solidify the operative plan with respect 
to the need for muscle lengthening, the technique employed 
for lengthening (Z-lengthening versus recession), and 
whether any supplementary bony procedures are required. 


Positioning 


= The patient is placed supine. 


Approach 


= Either three or four incisions are employed for split tibialis 
posterior tendon transfer. 

=" The tendon must be released from its insertion, tunneled ei- 
ther anteriorly (through the interosseous membrane) or poste- 
riorly behind the tibia and fibula, and then attached to either 
the peroneus brevis or lateral cuneiform. 





SPLIT TIBIALIS TENDON TRANSFER TO PERONEUS BREVIS (AFTER KAUFER) 





A longitudinal incision is made over the insertion of the 

tibialis posterior on the navicular, and the sheath is 

opened (TECH FIG 1A). 

=" The plantar half of the tendon is released, and the 
tendon is split longitudinally (TECH FIG 1B,C). 

A second incision is made just posterior to the medial 

malleolus, extending proximally for 4 cm (TECH 

FIG 1D,E). 

=" The sheath of the tibialis posterior is split longitudi- 
nally, and the free end of the tendon is delivered into 
this wound. 

= The longitudinal split in the tendon is extended prox- 
imally to the musculotendinous junction. 





= ~=6The third longitudinal incision is made about 2 cm prox- 
imal to the tip of the lateral malleolus, and extends prox- 
imally (TECH FIG 1F,G). 
= The peroneal tendon sheath is incised longitudinally. 
= The split tendon is then passed posterior to the tibia 
and fibula, and anterior to the neurovascular bundle, 
into the third incision. The split tibialis posterior ten- 
don can be sutured into the peroneus brevis tendon 
at this level (see Fig 1C) or can be transferred distally, 
which requires a fourth incision. 
= The fourth longitudinal incision is made distal to the lat- 
eral malleolus, overlying the insertion of the peroneus 
brevis into the fifth metatarsal base (TECH FIG 1H). 





Cc 


TECH FIG 1 e A. A longitudinal incision is made over the insertion of the tibialis posterior. B. The tibialis posterior 
tendon is then dissected free at its insertion, and half of the tendon is released, most often from the plantar sur- 


face. C. The distal end of the tendon is tagged with a ru 
veloped proximally as far as possible. (continued) 


nning, locked suture, and the division in the tendon is de- 
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TECH FIG 1 e (continued) D. A second incision is made just posterior to the medial border of the tibia, proximal to 
the medial malleolus. The fascia is divided longitudinally, and the tibialis posterior muscle is identified. E. The su- 
ture ends are delivered from distal to proximal through the tendon sheath, and the split tendon is brought out from 
the second incision. F. A short longitudinal incision is then made over the lateral side of the leg, posterior to the 
fibula, across from the medial incision. G. The split tendon is then passed from medial to lateral along the posterior 
border of the tibia and the fibula, anterior to the neurovascular bundle. The tendon is delivered through the lat- 
eral wound. H. The fourth incision is distal, and just behind the fibular malleolus. The peroneal sheath is incised lon- 
gitudinally. I. The split tendon is brought through the sheath from the more proximal incision through this distal 
incision. J,K. The tibialis posterior tendon is then woven through small longitudinal splits in the peroneus brevis and 


anchored with nonabsorbable suture. 


=" The split tibialis posterior tendon is then passed 
through the sheath, along the peroneus brevis, into 
the distal incision (TECH FIG 11). 

= The tendon is woven through the peroneus brevis 
and secured with nonabsorbable sutures (TECH 
FIG 1J,K). 

= The foot is held in a neutral position. 


A long-leg cast with the knee extended and the foot at 
neutral (weight bearing as tolerated) is worn for 4 
weeks, and then a short-leg cast is worn for 4 additional 
weeks. 

No bracing is required if the patient is able to actively 
dorsiflex the foot to neutral. If not, an ankle—foot ortho- 
sis is recommended. 
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SPLIT TIBIALIS TENDON TRANSFER THROUGH THE INTEROSSEOUS 
MEMBRANE TO THE LATERAL CUNEIFORM (AFTER SAJI) 


A medial approach extends from 5 cm proximal to the 
medial malleolus to the insertion of the tibialis posterior 
tendon on the navicular. 

The anterior (dorsal) half of the tendon is released and 
split up to the musculotendinous junction, preserving the 
retinaculum. 


A 2-cm incision is made anteriorly, and a window is made 
in the interosseous membrane just proximal to the syn- 
desmotic ligament. 

The split tendon is passed anteriorly through the in- 
terosseous membrane. 


— 
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A 2-cm incision is made over the lateral cuneiform, and 

the split tendon is delivered subcutaneously and then 

passed through a drill hole in the lateral cuneiform. 

= The tendon is secured over a button on the plantar 
surface of the foot, with the foot held in a neutral 
position. 


A longitudinal incision is made at the insertion of the tib- 
ialis posterior, and the plantar half of the tendon is re- 
leased from the navicular. The muscle is split longitudi- 
nally as described previously. 

A second incision is made proximally, and the tendon is 
delivered through this incision and split up to the muscu- 
lotendinous junction. 

The third incision is made anteriorly, and the tendon is de- 
livered through a window in the interosseous membrane 
(just above the anterior inferior syndesmotic ligament). 


= The patient is placed in a below-knee cast with the foot 
in slight valgus and neutral dorsiflexion—plantarflexion. 
" Weight bearing is allowed after 3 weeks, and a brace 
is worn for 6 to 12 months. 


SPLIT TIBIALIS TENDON TRANSFER THROUGH THE INTEROSSEOUS 
MEMBRANE TO THE PERONEUS BREVIS (AFTER MULLER) 


= The fourth incision is made over the distal insertion 
of the peroneus brevis tendon, and the tibialis poste- 
rior is passed through a subcutaneous tunnel and 
woven into the distal peroneus brevis with nonab- 
sorbable suture. 

= A long-leg cast is used for 3 weeks and then a short-leg 
cast (weight bearing as tolerated) for an additional 3 
weeks. 





PEARLS AND PITFALLS 





Define etiology of equinovarus preoperatively 


= Dynamic EMG may help to determine which muscle is responsible (tibialis poste- 


rior, tibialis anterior, or both). 


Achieve full range of passive motion 


= The patient may need additional procedures such as osteotomy to restore 
alignment and motion. 


Avoid overcorrection 


= The transfer should be tensioned with hindfoot at neutral to slight valgus. 
# Concomitant tibial derotational osteotomy should not be performed. 


Avoid recurrence 


= The surgeon should wait until after 8 years of age to perform the procedure. 


POSTOPERATIVE CARE 


= Casting is recommended for 6 to 8 weeks, and options in- 
clude a long-leg cast for 3 to 4 weeks, followed by a short-leg 
cast (weight bearing as tolerated) for 3 to 4 weeks,**"' versus a 
short-leg cast for 6 weeks.'® The hindfoot is kept in neutral to 
slight valgus. 

= Physical therapy is advised when the cast is removed. 

=" Weight bearing is typically delayed for 6 weeks, and an 
ankle—-foot orthosis is worn after the cast is removed. Therapy 
focuses on range of motion and strengthening. 

= An ankle-foot orthosis is commonly recommended for up to 
6 months after removal of the cast and may be required over 
the long term to facilitate clearance if active dorsiflexion is in- 
adequate. 


OUTCOMES 


= Several authors have reported short- to mid-term results after 
transfer behind the tibia and fibula to the peroneus brevis.** 

=" The long-term results after this procedure have been the 
subject of a single study involving 88 feet. 


" Twenty-five percent developed recurrent equinus, 
and treatment failure was observed in 44% (14 with 
more than 10 degrees varus, 25 with more than 10 degrees 
valgus). 
= Poor results were most common in diplegics and quadri- 
plegics, patients less than 8 years of age, and those who had 
not achieved a community level of ambulation. A host of 
variables, including persistent spasticity, may result in pro- 
gressive deformity through growth and development, espe- 
cially in children with more profound degrees of neuromus- 
cular involvement. 
=" The technique involving split tibialis posterior transfer 
through the interosseous membrane has been the subject of 
two reports, in which 44 patients were studied at short- to 
mid-term follow-up.''>'° 
" Forty-one of these had an excellent or good result, and the 
three poor results were due to overcorrection (one) and un- 
dercorrection (two). 
" The transfer helped to restore active dorsiflexion in most 
of the patients, eliminating the need for orthotics. 
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COMPLICATIONS 


=" While immediate complications are uncommon (wound in- 
fection, pull-out of the transferred tendon, undercorrection or 
overcorrection), late complications are more common and re- 
late to the effects of many variables in a growing child with 
spasticity and persistent neuromuscular imbalance. 

=" Recurrent deformity results from persistent muscle imbal- 
ance, pull-out of the tibialis posterior from the peroneus bre- 
vis, insufficient tension when suturing the tibialis posterior 
tendon, or other variables associated with growth. 

=" Overcorrection into valgus is most common in younger chil- 
dren and in patients treated by concurrent tibial derotational 
osteotomy. 
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DEFINITION 


= Adolescent bunion is a complex deformity consisting of me- 
dial deviation of the first metatarsal (metatarsus primus 
varus), lateral deviation of the great toe through the first 
metatarsophalangeal joint (hallux valgus), and enlarged me- 
dial eminence of the distal first metatarsal. 

=" Other findings include contracted lateral and lax medial soft 
tissues of the first metatarsophalangeal joint, lateral subluxa- 
tion of the sesamoids, pronation of the great toe, and plantar 
subluxation of the abductor hallucis muscle. 


ANATOMY 


Metatarsus primus varus 

Obliquity of the medial cuneiform-first metatarsal joint 
Medial prominence of the first metatarsal head 

Valgus angulation through the first metatarsophalangeal 
joint 

= Minimal or no deformity through the first interphalangeal 
joint 

= Lateral translation of sesamoids 

= Plantar-lateral positioning of the abductor hallucis with un- 
opposed pull of the adductor hallucis muscle 

=" Lateral subluxation of the extensor hallucis longus and 
flexor hallucis longus tendons 

=" Pronation (internal rotation) of the first toe 

= Differs from an adult bunion: 

" Physis of the first metatarsal and proximal phalanx are lo- 
cated proximally (this limits ability to perform proximal os- 
teotomies in skeletally immature patients). 

" The first metatarsophalangeal joint does not have 
osteoarthrosis. 

=" The medial eminence is less prominent in adolescent 
bunions than in adult bunions. 


PATHOGENESIS 


=" Multiple theories exist; it is difficult to differentiate primary 
findings from secondary ones. 
= Extrinsic and intrinsic factors contribute to formation of 
adolescent bunions. 
= Intrinsic 

" Metatarsus primus varus 

" Obliquity of the medial cuneiform-first metatarsal joint 
" Long first metatarsal 
a 
a 


Ligamentous laxity 
Heelcord contracture causes foot pronation, which in 
turn places a valgus force on the hallux while walking 
= Extrinsic 
= Shoe wear, particularly those with a narrow toe and ele- 
vated heel 


NATURAL HISTORY 


=" Natural history is believed to be favorable. Most patients 
with adolescent bunions can be treated nonoperatively. 
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Surgical Correction 
of Juvenile Bunion 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients typically present in late childhood or adolescence. 
=" Complaints about appearance of foot. 
=" Complaints of pain over the medial exostosis or about the 
first metatarsophalangeal joint. 
= Pain is exacerbated by shoe wear. 
=" Complaints about finding shoes that are comfortable. 
= Physical examination 
= Areas of tenderness: first metatarsophalangeal joint, me- 
dial prominence 
= Alignment when standing and walking 
=" Mobility of first metatarsophalangeal joint 
" Skin condition: the clinician should search for calluses, 
areas of irritation 
" Foot and ankle range of motion 
=" Careful neurologic examination 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Standing anteroposterior (AP), lateral, and oblique radi- 
ographs should be obtained if surgical correction is being con- 
templated. 
=" Measurements on the AP radiograph (FIG 1) 
= Intermetatarsal (IM) angle: normal is 9 degrees or less 
IM angle usually is 12 to 18 degrees in adolescent 
bunion. 


Hallux valgus 
angle 


Distal metatarsal 
articular angle 


Intermetatarsal 
angle 





FIG 1 © Measurements made on the AP radiograph. 
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" Hallux valgus angle: normal is 16 degrees or less 

Less than 25 degrees indicates mild deformity. 

25 to 40 degrees is moderate deformity. 

More than 40 degrees is severe. 

Most adolescent bunions are mild to moderate. 
" Distal metatarsal articular angle: normal is 15 degrees or 
less 
" Proximal phalangeal articular angle: normal is 5 degrees 
of valgus 


DIFFERENTIAL DIAGNOSIS 


= Hallux valgus interphalangeus 


NONOPERATIVE MANAGEMENT 


Initial treatment is nonoperative. 

Proper-fitting shoes 

Achilles tendon stretching if there is a heel cord contracture 
Orthotics may be useful when there is also ligamentous lax- 
ity and pes planus. 


SURGICAL MANAGEMENT 


=" Surgery should be reserved for patients with persistent 
symptoms despite adequate nonoperative care. 

=" Goals are to decrease pain and to restore the alignment of 
the first ray, with respect to both the second ray and the joints 
of the ray itself. 

= If feasible, surgery is delayed until early adolescence, as re- 
currence rates are higher in younger children. 





= For “typical” adolescent bunion (IM angle 12 to 18 degrees, 
hallux valgus angle less than 40 degrees), surgery generally 
consists of a distal soft tissue procedure, excision of the medial 
prominence, and corrective osteotomy. 

=" Multiple procedures have been described. 

= In older adolescents, where the physis of the first metatarsal 
is closed, the corrective osteotomy can be performed proxi- 
mally. 

= If the physis of the first metatarsal is open, a first metatarsal 
neck osteotomy has been described (Mitchell procedure). 


Preoperative Planning 


=" The surgeon should review the patient’s radiographs: IM 
angle less than 15 to 18 degrees, hallux valgus angle less than 
40 degrees. 


Positioning 


= The patient is positioned supine. 
= A tourniquet is used. 


Approach 


=" A dorsomedial incision is made starting just distal to the 
first metatarsophalangeal joint and extending proximally for 5 
to 6 cm. 

=" The surgeon should avoid injury to the dorsal median sen- 
sory nerve. 


MITCHELL BUNIONECTOMY (STEVENS MODIFICATION) 





Expose the medial first metatarsophalangeal joint. 
Make a distally based Y-shaped incision in the capsule 
and periosteum. The stem of the Y is over the metatarsal, 
while the upper portion of the Y is formed distally. 

= The joint and medial eminence are then exposed. 

A medial release of the first metatarsophalangeal joint is 
performed. Leave the lateral portion of the joint intact 
to avoid disrupting the blood supply to the head of the 
first metatarsal. 

The first cut involves removing the prominent medial 
eminence with an osteotome, starting distally at the 
sagittal groove (groove of Clark). 

The second cut is made at the distal metaphyseal-dia- 
physeal junction of the first metatarsal. This should be 
perpendicular to the shaft of the first metatarsal and ex- 
tend two-thirds the width of the shaft of the first 
metatarsal (TECH FIG 1A). 

The third, proximal cut is made about 2 to 3 mm proxi- 
mal to the first cut, and is created completely across the 


first metatarsal. The cut is oriented perpendicular to the 
shaft of the second metatarsal when viewed from the 
dorsum of the foot and is angled (when viewed from the 
medial aspect of the first metatarsal) to create a small 
plantar-based wedge (TECH FIG 1B). This ensures that 
the distal fragment does not dorsiflex during reduction 
of the osteotomy. 

The interposed bone is removed. 

The osteotomy is reduced and pinned with two smooth 
0.062-inch Kirschner wires (TECH FIG 1C). 

The prominence of the distal portion of the metatarsal 
shaft is smoothed off with a rongeur, and a capsulorrha- 
phy is performed with absorbable sutures. 

Sterile dressings are applied and the toe is splinted in 
neutral to slight plantarflexion. A short-leg cast is usually 
applied over the dressing for additional protection. 
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Cut 3 





PEARLS AND PITFALLS 





TECH FIG 1 « A. Bone cuts required to perform a modified Mitchell osteotomy. The medial promi- 
nence is excised first (/ine 71). The first cut of the osteotomy is performed two thirds of the way 
through the first metatarsal at the junction of the metaphysis and diaphysis and is oriented per- 
pendicular to the long axis of the first metatarsal (/ine 2). The second bone cut (/ine 3) is made com- 
pletely through the bone and completes the osteotomy. It should be made 2 to 4 mm proximal to 
the first cut and is perpendicular to the long axis of the second metatarsal. B. When seen from the 
medial side, the osteotomy should be oriented so that a small plantar-based wedge is produced. 
This helps avoid dorsiflexion of the distal fragment when the osteotomy is reduced. C. The os- 
teotomy is reduced and stabilized with a 0.062-inch smooth Kirschner wire. 





= The surgeon should avoid resecting more than about 3 mm of bone to prevent shortening of the first metatarsal. 


Approach = The surgeon should identify and protect the dorsal sensory nerve. 

Osteotomy 

Proximal # |t should create a slight plantar-based wedge with the distal cut to avoid dorsiflexion of the osteotomy. 
osteotomy 
POSTOPERATIVE CARE 


= The toe is splinted in slight flexion. 
The dressing is covered with a cast. 
Weight bearing is allowed as tolerated. 
Pins are removed in 6 weeks. 


OUTCOMES 


=" Most studies report 65% to 85% good to excellent results 
with the Mitchell osteotomy. 


=" The modified Mitchell osteotomy (described above) pro- 
duces 81% satisfactory results, with no cases of malunion, 
nonunion, avascular necrosis of the first metatarsal head, in- 
fection, or transfer metatarsalgia. 

= Sixty percent good to excellent results are reported in 
younger patients. 


COMPLICATIONS 


= Infection 
=" Neurovascular injury 


Inadequate fixation of the osteotomy 
Malunion or nonunion of the osteotomy 
Avascular necrosis of the first metatarsal head 
Transfer metatarsalgia 

Recurrence 

Stiffness of the first metatarsophalangeal joint 
Hallux varus (overcorrection) 

Pronation 

Pain 
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DEFINITION 


=" Overlapping fifth toe is a congenital condition where the 
fifth toe is rotated and overrides the fourth toe. 

= It is frequently bilateral. 

=" Males are affected as frequently as females. 


ANATOMY 


= ‘There are six main components: 
" The fifth toe may be smaller than normal. 
" The fifth toe is adducted toward the fourth toe. 
" The fifth metatarsophalangeal joint has a dorsiflexion 
contracture. 
" The phalanges of the fifth toe are rotated laterally. 
= The fifth extensor digitorum longus tendon is shortened. 
" The fifth metatarsophalangeal joint is dislocated dorsally. 


PATHOGENESIS 


= The exact pathogenesis is unknown, but the condition is be- 
lieved to be secondary to a congenital contracture of the fifth 
extensor digitorum longus tendon. 


NATURAL HISTORY 


= This condition rarely causes pain or difficulty in shoe wear 
in children less than 10 years of age. 

=" In older children and adolescents there will be painful dor- 
sal callosities about 50% of the time. 

= There may also be difficulty in finding shoes that fit appro- 
priately in older children and adolescents. 

= Parents are frequently concerned about the cosmetic appear- 
ance of the foot. 
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Butler Procedure for 
Overlapping Fifth Toe 





PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= The fifth toe will be dorsiflexed, adducted, and laterally 
rotated. It will not be passively correctable into a neutral 
position. 

=" A careful neurovascular examination should be performed 
and documented. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain anteroposterior (AP), lateral, and oblique radiographs 
may be obtained and will demonstrate a dorsolaterally sublux- 
ated fifth metatarsophalangeal joint. 


NONOPERATIVE MANAGEMENT 


= Conservative treatment (eg, stretching, splinting, taping) is 
ineffective in the treatment of this condition. 


SURGICAL MANAGEMENT 


= Surgery is indicated when nonoperative treatment fails, such 
as failure to find comfortable shoes, or when there is in- 
tractable pain from shoes. 


Positioning 
= The patient is supine, preferably with a bolster beneath the 


ipsilateral hemipelvis to make the lateral foot more accessible. 
= A tourniquet should be used during the procedure. 
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BUTLER PROCEDURE FOR OVERLAPPING FIFTH TOE 


= A dorsal racquet incision is made about the toe with a 
second handle to the racquet added on the plantar as- 
pect of the toe (TECH FIG 1A). 

= The plantar handle should be slightly longer than the 
dorsal handle and directed slightly laterally. 

= The skin flaps are elevated and the tight extensor tendon 
is exposed. 

™ Care should be taken to preserve the neurovascular 
bundles (TECH FIG 1B). 

= The extensor tendon is divided, and a dorsomedial re- 
lease of the fifth metatarsophalangeal joint is per- 
formed. If needed, the plantar aspect of the fifth 








PEARLS AND PITFALLS 


= The toe should freely move plantarward and laterally 


= Interrupted sutures are then used to hold the toe re- 


= Acast or hard-soled shoe can be used postoperatively. 


metatarsophalangeal joint may be dissected off the 
metatarsal head and divided to increase joint mobility 
(TECH FIG 1C). 


into its corrected position (TECH FIG 1D). 

= There should be no tension on the toe, and the toe 
should rest within the plantar handle of the racquet 
INCISION. 


duced in place (TECH FIG 1E). 


TECH FIG 1 © A. A racquet incision with plantar 
and dorsal extensions is used. B. Deep dissection is 
performed, preserving the neurovascular bundles. 
An extensor tenotomy is performed. C. A capsular 
release is performed. D. The toe should now reside 
in its corrected position. E. The incisions are closed 
with interrupted sutures. They help provide stabil- 
ity to the reconstruction. 








Incomplete release of soft tissues = The surgeon should assess the plantar capsule for tightness as well as the dorsal capsule. 


Neurovascular compromise = The neurovascular bundles should be protected during the procedure, and traction on the 
fifth toe is avoided. Circumferential dressings about the toe are avoided. 


POSTOPERATIVE CARE 


= Postoperative care includes sterile dressings, and allowing 
mobilization and weight bearing as tolerated. 


OUTCOMES 


=" This procedure has a high patient satisfaction rate (about 
90%) in various studies. 
= Black et al’ reported 94% good or excellent results. 


COMPLICATIONS 


=" Incomplete correction 
=" Neurovascular compromise 


=" Scar contracture 
= Infection 
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DEFINITION 


=" A cavus foot deformity in children develops from muscle 
imbalance that leads to forefoot pronation in relation to the 
hindfoot. When well established, it is readily recognizable by 
an abnormally high medial arch that persists with weight 
bearing (FIG 1). 

=" Commonly a result of hereditary sensory motor neuropathy 
(HSMN), it is frequently difficult to determine the underlying 
cause. 


ANATOMY 


=" The plantar fascia is an extensive fibrous structure that 
spans the foot between the medial aspect of the calcaneal 
tuberosity and the transverse metatarsal ligaments at the 
metatarsal heads (FIG 2). It stabilizes the arch of the foot and 
protects the underlying neurovascular structures from injury. 
=" During the gait cycle, the plantar fascia assists in the 
dynamic changes of the arch. 

" At heel strike there is forefoot supination and heel inver- 

sion, while eccentric contraction of the quadriceps muscles 

absorbs much of the energy. 

" During mid-stance, there is unlocking of the midtarsal 

joints with hindfoot pronation and internal tibia rotation. 

" At toe off the plantar fascia helps lock the midtarsal joints 

to assist the foot to be a rigid lever for forward propulsion. 
= This is termed the windlass effect, when passive dorsiflexion 
at the metatarsophalangeal joints tightens the plantar fascia, 
leading to elevation of the medial arch and tarsal joint stabil- 
ity (FIG 3). 


PATHOGENESIS 


= In progressive conditions such as HSMN, there is muscle 
imbalance with weakness of the intrinsic, tibialis anterior, and 
peroneus brevis muscles. This can lead to a relative overpull of 
the peroneus longus and posterior tibialis muscles. 





FIG 1 © A 17-year-old girl with hereditary sensory motor 
neuropathy type 1A. Cavus right foot deformity with high arch, 
plantar crease, apex of deformity at the midfoot, and claw toes. 
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Surgical Treatment 
of Cavus Foot 
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" Clinical muscle testing shows that although both peroneal 
muscles are weak, the larger peroneus longus muscle retains 
relatively more strength. Differential peroneal nerve com- 
pression at the proximal fibula is postulated to cause rela- 
tive sparing of the peroneus longus innervation.° 
=" CYT imaging studies in Charcot-Marie-Tooth disease, a 
major category of HSMN, showed early foot intrinsic muscle 
atrophy with sparing of the abductor hallucis and involvement 
of the peroneus brevis, peroneus longus, and flexor hallucis 
longus muscles.*! 
= MRI studies have shown dominance in the size of the per- 
oneus longus muscle versus the tibialis anterior.'* 
= The muscle imbalance and intrinsic muscle weakness lead to 
an unopposed extensor digitorum longus, hyperextension of 
the lesser toe metatarsophalangeal joints, and phalangeal joint 
flexion by the long and short toe flexors. 
" There is an exaggeration of the windlass effect with claw 
toe deformities. 
= The first metatarsal becomes even more plantarflexed by 
the action of the peroneus longus and with time becomes 
fixed in this position. 
" The plantar aspect of the foot assumes a tripod position, 
resulting in hindfoot varus (FIG 4). 
= The cavus foot remains a rigid lever throughout stance 
phase, leading to increased stress and lack of shock absorp- 
tion, pain, and callosities. 
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FIG 2 « Plantar view of plantar fascia. 





FIG 3 e Windlass effect. The foot is an arch. If the plantar 
tissues tighten and become shorter, the fixed length of the arch 
forces it to become taller. 


NATURAL HISTORY 


= Cavus foot is rarely present at birth, but develops with time. 
=" The natural history depends on the underlying diagnosis. 
The underlying cause affects the outcome, so determination of 
cause is essential. An underlying diagnosis can be found in the 
brain, spinal cord, peripheral nerves, or the foot itself. 

=" Cavus foot deformity can be either progressive or 
nonprogressive. 
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=" Cavus foot deformity involves either a dorsiflexion defor- 
mity of the calcaneus or a forefoot plantarflexion deformity. 
= ‘The most common cause of progressive bilateral cavus foot 
deformity is HSMN. HSMN isa group of progressive peripheral 
nerve diseases and has a heterogeneous genetic classification. 
= Charcot-Marie-Tooth disease involves types I and II 
HSMN, with HSMN IA the most common type, seen in 60% 
of HSMN. 
=" HSMN typeI has myelin degeneration, type II is the axonal 
degeneration form, and type III (Dejerine-Sottas disease) is 
more severe and presents in infancy. 
= There are more than 17 different genetic loci determined 
for CMT, 
" The prognosis for these progressive conditions is less 
favorable than for the nonprogressive disorders. 
= The natural history of HSMN is related to the underlying type. 
" Progression of muscle involvement begins initially in the 
intrinsic muscles, followed by the anterior compartment, the 
peroneal muscles, and then the posterior muscles. '* 
=" The foot can assume a cavovarus, calcaneocavus defor- 
mity or even a valgus deformity and may have more unilat- 
eral severity (HSMN type III).* 
= Associated hip dysplasia may be asymptomatic or may 
present with symptoms. Acetabular dysplasia may be the 
first indicator of HSMN.” 
" In progressive conditions that are left untreated, a flexible 
and correctable foot may become rigid with structural bony 
changes. This can lead to inability to participate in athletics 
and pain and difficulty with shoe wear and normal walking. 
‘Treatment is recommended when the foot is still flexible. 
=" Unilateral cavus foot can have a number of causes. The 
idiopathic variety may be progressive, with an unpredictable 
natural history. 


Long axis of tibia 
——— 
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FIG 4 ® Tripod effect. Weight bearing is shared between the heel and medial and lateral columns of the forefoot. If the medial 
column is in plantarflexion, the heel is forced into varus with weight bearing. 
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= Patients with nonprogressive conditions, as seen in cerebral 
palsy or spinal cord disorders, may fare better but still can 
have long-term problems with athletics, metatarsalgia, plantar 
fasciitis, and iliotibial band syndrome.” 

=" Calcaneocavus deformity is often seen with nonprogressive 
conditions such as spina bifida or clubfoot deformity with an 
overlengthened heel cord. Problems include heel pain or heel 
pad ulceration if sensation is deficient, and weak or no push- 
off or crouch gait if not braced. 


PATIENT HISTORY AND 
PHYSICAL FINDINGS 


= The physical examination is used to determine the underly- 
ing diagnosis and to determine characteristics of the cavus foot 
deformity that would indicate surgical correction is needed. 

= Physical examination should include observation of the spine 
and its range of motion. Skin changes, scoliosis, or kyphosis 
may represent an underlying spinal cord abnormality. 

= The upper extremities are evaluated for intrinsic muscle wast- 
ing and weakness. Atrophy or weakness in the hand suggests 
HSMN. 

=" The clinician evaluates hip range of motion and looks for 
Trendelenburg gait. Bilateral hip dysplasia newly diagnosed in 
a teenager is highly suggestive of HSMN. 

=" Lower extremities are evaluated for size, muscle strength, and 
firmness and tenderness along the course of major nerves. 
Bilateral calf atrophy is seen with spina bifida and may be 
present in severe HSMN. Unilateral atrophy may be seen with 
diastatomyelia, tethered spinal cord, or split cord malformation. 
= A neural examination is performed. Patients with HSMN may 
have decreased sensation to light touch, position sense, or vibra- 
tion. There may be obvious weakness of the anterior tibialis 
muscle, preventing ability to heel walk. Deep tendon reflexes 
may be decreased or absent in HSMN and Friedrich ataxia. 





= The foot is examined for deformity (cavus, cavovarus, or 
calcaneocavus). Bilateral deformity is typical for HSMN. 
Unilateral deformity may be present with a structural abnor- 
mality. The clinician locates the apex of the midfoot deformity 
and determines whether the foot is rigid or flexible. Hindfoot 
is rarely in equinus. 

=" The Coleman block test is performed. If hindfoot varus 
corrects to neutral position, then the hindfoot is flexible and 
the medial forefoot is the source of hindfoot varus. 

= The toes are examined for any deformities. Cavus foot may 
not have associated toe abnormality. Rigid claw toe abnormal- 
ity requires surgical treatment. 


IMAGING AND OTHER 
DIAGNOSTIC STUDIES 


= Bilateral standing anteroposterior (AP) and lateral radi- 
ographs are standard. 
=" On the lateral weight-bearing radiograph the clinician 
should determine the calcaneal pitch; greater than 30 degrees 
indicates chronic gastrocnemius-soleus weakness (FIG 5A), 
" The Meary angle, the angle between the shaft of the first 
metatarsal and the axis of the talus, is normally 0 degrees 
(FIG 5A). 
= Ankle equinus, forefoot equinus, the amount of cavus, 
and the apex of the midfoot deformity are determined. 
=" With the foot positioned for the Coleman block test, a lat- 
eral radiograph of the foot can document the degree of hind- 
foot correction.' 
= In the patient with known or possible HSMN, a standing 
AP pelvis view is obtained to document the presence of hip 
dysplasia.’> 
= Standing full-length posteroanterior and lateral spine radi- 
ographs are obtained when a spinal abnormality is suspected 
or if the underlying diagnosis is in question. 
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FIG 5° A.A 15-year-old boy with hereditary sensory motor neuropathy type 1A with severe bilateral cavus foot de- 
formity. Lateral standing radiograph of right foot. The Meary angle, measured between the axis of the talus and the 
first metatarsal, is 25 degrees, but it should be 0 degrees. The calcaneal pitch angle, measured between the horizontal 
and the plantar aspect of the calcaneus, is 26 degrees but should be less than 20 degrees. B. A 5-year-old girl with 
28-degree right thoracic scoliosis. MRI T1-weighted sagittal view of large cervical thoracic syrinx with Chiari | malfor- 


mation at foramen magnum. (continued) 





FIG 5 ® (continued) C. MRI T1-weighted axial view showing 
large central cord syrinx. 


=" MRI of the entire brainstem and cervical, thoracic, and 
lumbar spine is performed when a spinal cord tumor, syrinx, 
tethered cord, or Chiari I malformation is of concern 
(FIG 5B,C). 

=" Nerve conduction and electromyelographic (EMG) studies 
may be done to evaluate for HMSN. In HMSN type I, motor 
nerve conduction is markedly slowed. In HMSN type II, there 
is near-normal motor nerve conduction but EMG evidence of 
denervation. Molecular DNA testing of peripheral blood may 
be used for diagnosing HSMN; therefore, sural nerve biopsy is 
generally not necessary. 


DIFFERENTIAL DIAGNOSIS 


=" Hemiplegic cerebral palsy 

= Spastic diplegic cerebral palsy with calcaneocavus foot de- 
formity if the Achilles tendon has been overlengthened 
Friedrich ataxia 

Myelodysplasia 

Chiari I malformation with syringomyelia and scoliosis 
Diastatomyelia and split cord malformation 

Poliomyelitis 

Spinal cord tumors 

Guillain-Barré syndrome 

Peripheral nerves: HSMN types I and II 

Sciatic nerve injury 

Peripheral nerve tumor 

Silent compartment syndrome after tibia or foot fracture 
Residual deformity of clubfoot 

Idiopathic 

Subtalar tarsal coalition (rare) 

Severe limb-length discrepancy leading to a fixed equinus gait 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management is appropriate for mild or non- 
progressive deformity. 
" Inserts that support the lateral forefoot and eliminate 
hindfoot inversion may be helpful. 
= Gel heel cups and replacing worn athletic shoes assist the 
stiff foot in energy absorption. 
" Extra-depth shoes and orthotics that unload pressure 
points may help in more advanced cases. 
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SURGICAL MANAGEMENT 


= Surgical treatment is necessary for more severe nonprogres- 
sive cases or for progressive cases. The functional goal is to 
correct the cavus deformity and to obtain a mobile, planti- 
grade, and well-balanced foot while avoiding common pitfalls. 
Treatment is best performed when the foot is still flexible. 
Staged procedures, correcting deformity first and balancing 
muscles at a later stage, may be safer for the foot. 
= Specific principles for surgical decision making include the 
following: 
= Surgical management is usually needed when there is an 
identified functional problem or progression of the defor- 
mity. For progressive cavus deformity, it is better to use 
simple procedures early. 
" Plantar fascia release is the initial procedure of choice 
in young children with nonprogressive deformity. We prefer 
to do this through a medial plantar incision with postopera- 
tive serial corrective casting used to gain further correction. 
Plantar fascia release is generally done with other procedures. 
= The surgeon can correct any underlying muscle imbalance 
with tendon transfers or lengthening or by bony correction 
of the lever arm that the muscles work through. 
" In amore rigid deformity, a forefoot osteotomy is used to 
correct the pronated medial forefoot. 
~ The goal is to correct the fixed deformity while preserv- 
ing joint mobility. The site of the osteotomy is determined 
by the location of the deformity apex. The most common 
are first metatarsal dorsal closing, medial cuneiform plan- 
tar opening, and midfoot wedge osteotomies. 

For marked and rigid forefoot equinus (FIG 6), a more 
extensive midfoot osteotomy is used, which is typically 
needed during the patient’s second decade.'” 

= Calcaneal osteotomy is used if the Coleman block test in- 
dicates a fixed heel varus. We recommend a slide osteotomy 
through a lateral approach, although a lateral closing 
wedge alone or combined with the slide may also be used 
for more correction. Tendon transfers are frequently re- 
quired to achieve a balanced foot. These may involve a 
transfer of the relatively strong posterior tibialis tendon to 
the dorsum of the foot,’ a Jones procedure in which the ex- 
tensor hallucis tendon is transferred to the neck of the first 
metatarsal with fusion of the great toe interphalangeal 
joint, a split or complete anterior tibialis tendon transfer if 





FIG 6 e An 18-year-old girl with hereditary sensory motor 
neuropathy type 1A with marked cavus and fixed midfoot 
deformity and shortening. Owing to her age and the degree of 
rigid deformity, a midfoot osteotomy is required. 
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the muscle has preserved strength, or a transfer of the per- 
oneus longus to the peroneus brevis.*® 

= Calcaneal cavus deformity may need a posterior sliding 
calcaneal osteotomy to increase the calcaneal lever arm. We 
prefer this to be a crescent-shaped cut. A plantar fascia re- 
lease facilitates posterior sliding of the distal fragment. 

" Triple arthrodesis is used as a salvage procedure for rigid 
hindfoot deformity. We are reluctant to recommend this for 
a foot with sensory deficit since the long-term outcome when 
this procedure is used is poor.’® With a triple arthrodesis, 
tendon transfers may still be necessary to maintain a bal- 
anced foot. 


Preoperative Planning 


= Intraoperative epidural anesthesia may be continued in the 
postoperative period. 

= Preoperative antibiotics are given. 

= A tourniquet allows optimal visualization of the operative 
site. 

= In patients with HSMN, the surgeon must be very careful 
about tourniquet use, since the sciatic and femoral nerves in 
the thigh are very sensitive to the pressure and time effects of 
the tourniquet. We recommend the minimal pressure needed 
and less than 1 hour of inflation time. 


Positioning 


=" The patient is positioned supine on a radiolucent imaging 
table. 


Approach 


=" A combination of surgical procedures may be needed to 
fully correct the foot deformity. 
" For most deformities, an extensive plantar release is 
used, 
= As the extensor hallucis longus muscle function may be 
spared in HSMN, the Jones procedure is useful for the child 
with a plantarflexed medial column and dynamic great toe 
hyperextension during swing phase. It is generally combined 
with a medial or midfoot osteotomy. 
=" For more extensive and rigid deformity, an osteotomy 
may be needed. A younger patient may require only an 
osteotomy of the proximal first metatarsal or first 
cuneiform. A midfoot wedge osteotomy is useful for the 
rigid midfoot deformity in an adolescent or young adult 


PLANTAR RELEASE 


= ~~ A longitudinal incision is made medially over the plantar 
fascia. Sharp knife dissection is used through the skin 


and subcutaneous fat (TECH FIG 1A). 


7 The abductor hallucis is the first structure identified and 


is released off its deep fascia (TECH FIG 1B). 


= The fascia deep to the abductor hallucis is next exposed. 
The posterior tibial nerve and artery are identified prox- 
imally and followed distally by releasing the overlying 
fascia. Note the division of the posterior tibial nerve into 


its plantar medial and lateral branches. 


= Posterior to the neurovascular bundle the plantar fascia 
is exposed as it attaches to the medial tubercle of the 


calcaneus. 
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FIG 7 © Cavus deformities typically require a combination of 
procedures. For this right foot, incisions for an extensive plantar 
medial release, modified Jones procedure, midfoot osteotomy, 
and posterior tibialis tendon lengthening are drawn. The mid- 
foot osteotomy is at the apex of the deformity. 


when the midfoot does not sufficiently correct after the 
plantar fascia release. If the lateral and medial aspects of the 
midfoot are in equinus, an osteotomy across the entire mid- 
foot will more reliably correct the deformity than a medial 
column osteotomy. 
" The lateral calcaneal slide osteotomy is used to correct 
fixed hindfoot varus that does not correct with the Coleman 
block test. 
Advantages include use of a simple single cut with con- 
trol of the amount of correction needed. 
" The posterior slide calcaneal osteotomy is useful in the 
calcaneocavus foot with a high calcaneal pitch angle. 
= Incisions should be longitudinal and placed over the areas of 
relevant pathology (FIG 7). 
=" A cavus foot is short and will be lengthened in the course of 
treatment. It may be safer to obtain some of the correction 
with postoperative corrective casts rather than doing all of the 
correction at the initial surgery. 





= The flexor digitorum brevis, quadratus plantae, and ab- 
ductor digiti quinti muscles are released at their proximal 
origins with Mayo scissors. 

= Capsulotomies of the medial talonavicular and subtalar 
joints may be needed if superficial release is not adequate 
to achieve correction.” 

m Severe cases may need posterior tibialis tendon length- 
ening or transfer. 

= The incision is loosely closed with interrupted sutures. By 
widely spacing the sutures, blood can drain and not 
cause excessive postoperative pressure. 

m In severe cases serial casting may be necessary after the 
release. 
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TECH FIG 1¢ A. Plantar medial incision. Since the foot will be lengthened, the incision should be placed 
longitudinally and gentle sharp dissection used. B. The abductor hallucis muscle has been dissected off its 
deeper fascia and the plantar aponeurosis and muscles have been isolated posterior to the neurovascular 


bundle. 


MEDIAL COLUMN OSTEOTOMY 


A plantar medial release should also be performed if an 

osteotomy is required. 

A stiff forefoot, an older patient, or painful forefoot cal- 

luses indicate the need for an osteotomy. 

Depending on the apex of the deformity, the osteotomy 

can be performed on the medial cuneiform or the first 

metatarsal. In a younger child, it may be safer to avoid 

the proximal metatarsal physis and perform a medial 

cuneiform osteotomy. 

The osteotomy can be performed either as a first 

metatarsal dorsal-based closing wedge osteotomy or as a 

medial cuneiform plantar-based open wedge. 

=" The first metatarsal dorsal closing wedge osteotomy 
does not require a bone graft, has one bony sur- 
face to heal, and can be held closed with a single 
screw. However, it may shorten the metatarsal 
slightly. 

=" The first cuneiform plantar open wedge osteotomy 
requires only a single cut, the amount of correction 
can be fine-tuned after the bone has been cut, and it 
does not shorten the foot, but a bone graft is re- 
quired to hold it open, typically an allograft. 

For a proximal, dorsal-based oblique closing wedge first 

metatarsal osteotomy, a longitudinal incision is made di- 

rectly over the proximal metatarsal; be careful to protect 

the dorsal digital nerve (TECH FIG 2A,B). 

Subperiosteal dissection of the proximal metatarsal is 

used; be careful to leave the plantar periosteum and soft 

tissue intact. 


Two small-diameter Steinmann pins are drilled at the site 
of the bone cuts, converging at the plantar apex. The 
apex of the correction is quite proximal and plantar. 
A bony and soft tissue posterior hinge is left intact so 
that the osteotomy is an incomplete closing wedge. 

A small oscillating saw is used to make the bone cuts. The 
wires are used to guide the cuts toward the plantar apex. 
A small osteotome and pituitary rongeur may be used to 
remove some of the bone at the apex. 





Physis Cuneiform 


First metatarsal 


TECH FIG 2 « A. Proximal incomplete dorsal-based closing 
wedge osteotomy of proximal metatarsal. The plantar 
aspect of the metatarsal and soft tissues are left intact 
to act as a hinge to allow closure of the osteotomy. 
Steinmann pins are placed to accurately guide the bony 
cuts. (continued) 
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TECH FIG 2 « (continued) B. The plantar hinge remains in- 
tact for proper closure. A screw or percutaneous pin holds 
the osteotomy closed. C. Plantar opening wedge osteotomy 
of the medial cuneiform. D. The dorsal hinge must remain 
intact. A triangular bone graft is inserted in the plantar as- 
pect. Fixation is with a single screw, percutaneous wire, or 
suture on the plantar surface. Cc 


Structural 
allograft bone 


When sufficient bone has been removed from the apex, 
the cut ends can be slowly closed together, while main- 
taining integrity of the bony hinge. A wire, screw, or dor- 
sal plate can be used to secure the corrected osteotomy. 


MODIFIED JONES PROCEDURE 


Two incisions are used, a dorsal transverse incision over 
the great toe interphalangeal (IP) joint and a longitudi- 
nal incision over the distal first metatarsal (TECH FIG 3). 


Interphalangeal Joint Fusion 


Through the transverse incision over the IP joint, 
the incision is carried down to the extensor hallucis 
tendon. 

The tendon is transected at the level of the IP joint and 
the IP joint capsule is incised transversely. 

Continue with the no. 15 blade to expose the articular 
distal aspect of the proximal phalanx. 

A rongeur is used to remove the articular cartilage and 
some of the subchondral cortical bone on both sides of 
the IP joint. Only a minimal amount of bone is removed. 
A cannulated 4.0-mm screw is used for fixation. This is 
placed by retrograde insertion of a guidewire through 
the center of the distal phalanx, exiting distally just 
plantar to the nail. 

The IP joint is then reduced in a neutral position and the 
screw is inserted; be careful to provide compression at 
the IP joint. 





In a younger child with an open metatarsal physis or 
when the deformity apex is at the medial cuneiform, the 
opening wedge osteotomy can be performed at this 
level (TECH FIG 2C,D). 


EHL tendon 


Longitudinal 
incision 


\ \ Transverse 
ee \ AM incision 


TECH FIG 3 « Two incisions are used, one transverse over the 
interphalangeal joint and the other longitudinal along the 
distal first metatarsal. 


= Proper length places the tip of the screw into the 
proximal aspect of the proximal phalanx. 
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Transfer of the Extensor Hallucis 
Tendon to the Metatarsal Neck 


=" A longitudinal skin incision is made over the distal first 
metatarsal. 
Zz The extensor hallucis tendon is identified and isolated 






distally until its cut end can be pulled into the incision. ull 
er ; ; tendon 
= A Osuture whipstitch is placed into the distal tendon. a 


=  Subperiosteal exposure of the distal metatarsal allows a 
transverse drill hole to be made in the metatarsal neck. 
=" The drill diameter is roughly the diameter of the 

extensor hallucis longus tendon. 
= A wire or suture passer aids passage of the extensor 
hallucis longus tendon through the hole. 

= After the medial column or midfoot osteotomy is se- | eanilace 
cured, the end of the extensor hallucis longus tendon is ~ | . la ee removed ron 
secured to itself (TECH FIG 4). | o\ 





Transverse drill 
hole through 
distal metatarsal 


IP joint 
TECH FIG 4 e After denuding the interphalangeal joint a 
articular cartilage, a 4.0-mm screw transfixes this joint. A aera 
whipstitch is placed into the cut end of the extensor hallucis a 


longus tendon (inset) and the tendon is passed through a 
transverse drill hole and sutured to itself. 


MIDFOOT OSTEOTOMY 


= The osteotomy is placed at the apex of the deformity, 
which should be proximal to any plantar calluses (TECH 
FIG 5A,B). 
= Too distal placement results in a rocker-bottom resid- 
ual deformity. 
= Ifthe deformity is severe, a triple arthrodesis may be 
needed to bring the forefoot into a plantigrade 
position. 
= Muscle balancing procedures will still be required, since 
the foot will further deform with time if imbalance 





remains. 
= Several types of osteotomies have been described. 


6,7,17 ; 


= We recommend a simple procedure that uses a trun- a ih De 
cated wedge placed at the apex of the deformity. | 
™ Once cut, the distal fragment may be laterally ro- 
tated to compensate for excessive medial column 
flexion. | 






= A long single dorsomedial skin incision is used at the | / 
apex of the deformity. Skin 
= |t is more effective to place the osteotomy proxi- t > MI eee! 
mally so that correction is achieved at the level of Se 7 777 Cuneiforms 
the deformity; it is generally at the navicular \ eee) 
cuneiform joint.  Cuboid 
= The Hohmann retractors are placed dorsal and plantar, = Neieaiar 


with the entire midfoot exposed (TECH FIG 5C). 


TECH FIG 5 ° A,B. Midfoot osteotomy is centered at the apex 
of the deformity, typically through the naviculocuneiform 
joint. Rotation can be added to decrease the excessive 
amount of medial column plantarflexion. (continued) B 
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Hohmann retractors 
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Resected area 
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CALCANEAL OSTEOTOMIES 


Lateral Calcaneal Slide Osteotomy 





Peroneal——— ara ae 
tendons a= 


The incision is placed lateral to the calcaneus, parallel to 

the peroneal tendons. 

The peroneal tendons are reflected proximally to gain 

access to the lateral aspect of the calcaneus tubercle. 

A sharp Hohmann retractor is placed just anterior to the 

Achilles insertion and another is placed plantar and 

distal. 

=" Fluoroscopy can be used to check the orientation of 
the osteotomy by the position of the retractors 
(TECH FIG 6A). 

A 11-inch osteotome or saw is used to make the os- 

teotomy across the calcaneus to the opposite cortex. A 







{jill 7 Achilles 
MW / tendon 


Line of 


ih \¢ | /g¢—\ osteotomy 


A Hohmann retractor 


Smooth Steinmann pins are inserted to define the prox- 
imal and distal aspects of the osteotomies. The os- 
teotomy is cut with the oscillating saw and completed 
with osteotomes and rongeurs. A dorsal-based wedge of 
bone is removed; it can be a triangle for moderate de- 
formities or a truncated trapezoid for more significant 
deformities. 

Fixation is with two threaded Steinmann pins, which are 
removed in 4 to 6 weeks. 

The incision is loosely closed with interrupted sutures. 
The foot is casted for 6 weeks with toe-touch weight 
bearing. Because of the potential for nonunion, an ad- 
ditional 6 weeks of weight-bearing casting should be 
considered. 


TECH FIG 5 ® (continued) C. Neurovascular structures are pro- 
tected with two Hohmann retractors. 


smooth lamina spreader is used to distract the frag- 
ments, and the medial cortex can be freed up with a pi- 
tuitary rongeur and a Cobb elevator. 

The calcaneal tubercle with the heel is then slid medially 
about 50% of its width. The correct position is for the 
heel to be underneath and in line with the tibial shaft 
(TECH FIG 6B). A laterally-based wedge can also be re- 
moved if more correction is needed. 

A large threaded Steinmann pin is placed in the sinus 
tarsi and directed toward the most posterior inferior as- 
pect of the tubercle (TECH FIG 6C). 

The pin is removed in the clinic in 3 weeks. A cast is used 
for a total of 6 weeks. 





TECH FIG 6 e A. Lateral exposure of the calcaneus for calcaneal slide osteotomy. The peroneal tendon sheath is divided 
and the tendons are reflected proximally. One Hohmann retractor is placed anterior to the Achilles tendon insertion and a 
second is placed distally on the plantar aspect of the calcaneus. B. Posterior view of the foot showing the lateral slide 
calcaneal osteotomy. C. The distal tubercle with the heel pad is positioned underneath the tibia. Fixation is with a threaded 
Steinmann pin for 3 weeks. 
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Posterior Slide Calcaneal Osteotomy 


Crescentric = Alateral approach to the calcaneus is used, similar to the 

osteotomy lateral slide osteotomy. 

™ Hohmann retractors are placed for protection and 
orientation. 

= An oblique straight cut may be used, but we prefer a 
curved cut using a Chiari chisel (TECH FIG 7). 

= Once cut, the distal calcaneal fragment is slid posterior 
and transfixed with a threaded Steinmann pin. 

m Since the bone may continue to bleed, loose interrupted 
suture closure and a bulky dressing are used. 

= The pin is removed in 3 weeks and the foot is casted for 
a total of 6 weeks. 






TECH FIG 7 « Crescent-shaped calcaneal osteotomy allows pos- 






~ Cut plantar fascia terior positioning of the calcaneus to improve the lever arm 
= eo function of the gastrocsoleus muscles and to decrease the point 
Posterior displacement of the osteotomy pressure on the heel. 





PEARLS AND PITFALLS 





Failure to diagnose underlying ® A child presenting with a foot problem must always have the spine examined. 

spine condition = A markedly small foot or calf may be a sign of a split cord malformation or diastatomyelia. 
Failure to diagnose a structural = The clinician must examine the entire lower limbs along the course of major nerves 

lesion of a major nerve to detect a localized peripheral nerve tumor or site of nerve compression. 

Failure to diagnose HSMN = Bilateral cavus may be subtle. 


= The clinician should always ask about a family history of cavus feet or peripheral neuropathy. 

= Sometimes there is not an established diagnosis of HSMN in the family. In these cases the 
family members may need to be examined. 

= The hand and foot intrinsics are examined. 

= HSMN may initially present as bilateral adolescent hip dysplasia. 


Missing a diagnosis with a very = Several conditions may cause a cavus foot deformity. Subtalar coalition generally causes a rigid 

treatable lesion valgus hindfoot deformity but may cause a spastic hindfoot varus (FIG 8). 

Insufficient surgical procedure = With adolescence, severe cavus deformities often require a more extensive midfoot osteotomy 
to correct the deformity. 

Severe idiopathic cavus foot = The family should be warned that further surgical procedures may be necessary with time as 

deformity often requires repeat the child grows and the deformity changes. 


surgical procedures 





FIG 8 e Spastic hindfoot varus. 
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POSTOPERATIVE CARE 


= After a plantar release, the foot should be wrapped with soft 
bulky cotton and casted with minimal external correction. 

= At 2 weeks the sutures are removed and gentle correction is 
obtained. This may require serial casting for up to 6 weeks. 

= After a midfoot or forefoot osteotomy, weight bearing is 
restricted until the osteotomy has healed, generally about 
6 weeks. 


OUTCOMES 


=" Long-term outcome studies are very limited for progressive 
conditions such as HSMN. 

=" Triple arthrodesis for progressive cavus deformity has a 
poor long-term outcome. Results are further compromised by 
technical problems at the time of surgery, as well as from un- 
dercorrection and overcorrection. 

=" Most patients with a progressive cavus deformity and a 
triple arthrodesis performed as a teenager had significant foot 
problems by their thirties.‘° 

=" Nonprogressive deformities such as spastic cavovarus with 
equinus can be surgically balanced with acceptable results. 

=" Progressive deformities may require several surgeries during 
childhood followed by a triple arthrodesis at maturity. The pa- 
tient and family should be warned about this possibility. 


COMPLICATIONS 


=" Femoral or sciatic nerve injury from tourniquet. This can 
occur with excessive pressure or time on the tourniquet or even 
with minimal time and pressure. The tourniquet time should be 
under 1 hour, using minimal pressure needed for visualization. 
= Plantar medial incision dehiscence if excessive correction is 
attempted at the time of surgery 

= Pressure sores in patients with HSMN 

=" Surgical correction of midfoot deformity distal to the apex 
may result in a rocker-bottom foot deformity. 

=" Nonunion of the midfoot osteotomy*® 

= Persistent midfoot cavus if the deformity is too severe for a 
medial column or midfoot osteotomy 

= Persistent hindfoot varus if deformity is fixed and a cal- 
caneal osteotomy is not performed 
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DEFINITION 


=" A calcaneonavicular coalition is an abnormal connection be- 
tween the calcaneus and the navicular. 

= This extra connection between the tarsal bones typically 
limits subtalar motion. 

=" The major consequence of this condition is a rigid flatfoot 
that may be painful. 


ANATOMY 


= The coalition typically occurs between the anterior process 
of the calcaneus and the most lateral aspect of the navicular 
(FIG 1). 

= The connection may comprise bone, cartilage, or fibrous tis- 
sue (bony, cartilaginous, or fibrous coalitions, respectively). 


PATHOGENESIS 


= The cause of calcaneonavicular coalitions remains unknown. 
= It has been hypothesized that coalitions may result from fail- 
ure of segmentation of the individual tarsal bones during fetal 
development.’ 

= Symptoms typically develop in later childhood, usually be- 
tween 8 and 12 years old, for calcaneonavicular coalitions.” 

= It is theorized that the reason for the delayed onset of symp- 
toms, despite presumed presence from birth, is that the coali- 
tion ossifies over time, making it more rigid and more likely to 
limit subtalar motion.° 

= The pain from a calcaneonavicular coalition may arise from 
altered kinematics of the foot due to local limitation of mo- 
tion. It has also been suggested that a fracture through a pre- 
viously solid coalition could render it painful. 


NATURAL HISTORY 


=" Many people with calcaneonavicular coalitions are proba- 
bly pain-free, although they may have a rigid flatfoot, with 
loss of the longitudinal arch and valgus alignment of the heel.° 
= If pain develops in a child with a calcaneonavicular coali- 
tion, it usually does so between ages 8 and 12. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients present with complaints of foot pain exacerbated by 
activity, typically localized to the lateral aspect of the foot, just 





FIG 1 * Acomplete bony calcaneonavicular coalition. 


Resection of 
Calcaneonavicular Coalition 


distal to the sinus tarsi, in the region of the anterior process of 
the calcaneus. They may complain of medial foot and ankle 
pain or pain at the distal tip of the fibula as well. 

= There may be a history of progressive out-toeing and loss of 
arch height due to an increase in the planovalgus position of 
the foot. 

= Patients may also relate difficulty walking on uneven sur- 
faces, presumably due to decreased subtalar motion. 

=" The physician should observe the patient’s gait; he or she 
may walk with an antalgic gait on the affected side (decreased 
stance phase) and an out-toeing gait. 

=" The physician should examine the patient’s foot alignment. 
The heel may be in valgus alignment with the forefoot abducted. 
= The physician should examine the rigidity of the patient’s 
flatfoot. A flexible flatfoot has restoration of the arch upon 
toe-rise, while a rigid flatfoot has no arch restoration. A rigid 
flatfoot is a sign of decreased subtalar motion and may indi- 
cate a tarsal coalition. 

=" The physician should palpate over the anterior process of 
the calcaneus and just distal to the anterior process. Point ten- 
derness is suggestive of a painful calcaneonavicular coalition. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


=" Plain radiographs, including anteroposterior (AP), lateral, 
and oblique views, should be obtained to visualize the coalition. 
= A calcaneonavicular coalition is best seen on the oblique 
view (inversion oblique). 
" A prominent anterior process of the calcaneus, the 
“anteater nose” sign, may be seen on the lateral view.* 
" Standing AP and lateral views can be included to assess 
foot alignment (FIG 2). 
=" A Harris axial view or Salzman hindfoot alignment view can 
be obtained to assess heel alignment. 
=" A CT scan should be obtained to rule out a concurrent talo- 
calcaneal coalition or the presence of arthritis in adjacent joints. 
A CT or MRI may also be useful if the diagnosis is in question. 





FIG 2 © Oblique radiograph depicting a cartilaginous calcaneo- 
navicular coalition. 
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DIFFERENTIAL DIAGNOSIS 


= Flexible flatfoot 

=" Subtalar arthritis 

=" Other tarsal coalition (talocalcaneal or other less common 
ones) 

= Tumor or infection involving the subtalar joint 

= Idiopathic rigid flatfoot 


NONOPERATIVE MANAGEMENT 


=" Nonoperative management is indicated for all patients with 
calcaneonavicular coalition at first presentation. 

= Painless coalitions need no treatment. 

= Initial treatment for painful coalitions consists of activity 
modification, anti-inflammatory medication, and immobiliza- 
tion in a short-leg walking cast for 4 to 6 weeks. 


SURGICAL MANAGEMENT 


=" The indication for surgical management is persistence of 
pain despite nonoperative management. 

=" The main goals of treatment are, primarily, elimination of 
pain and restoration of function. 

= Restoration of subtalar motion is a secondary goal. 

=" Restoration of arch height is unlikely after resection. 


Preoperative Planning 


= All imaging studies are reviewed. 

=" An examination of subtalar motion may be performed 
under anesthesia to serve as a comparison to the examination 
immediately after resection. 


INCISION AND DISSECTION 


= The procedure can be done under tourniquet control if 


desired. 


Positioning 

= The patient is positioned supine with a bump under the hip 
of the operative side to slightly internally rotate the leg. 

= If subcutaneous fat autograft is to be used as an interposi- 
tion material after resection, the limb should be prepared up to 
the buttocks and a sterile tourniquet should be used (FIG 3). 
= Alternatively an eschmarch tourniquet may be used just 
proximal to the ankle. 


Approach 


=" The approach involves exposure and resection of the entire 
coalition. 

= A graft material is interposed between the ends of the re- 
sected bone consisting of local muscle (peroneus brevis) or au- 
tologous fat. 





FIG 3 e Asterile tourniquet is used with sufficient room 
proximal to it for harvesting of fat graft. 





= — An oblique incision is made along the lateral side of the 
foot between the extensor tendons and the peroneal 
tendons, directly overlying the anterior process of the 
calcaneus (TECH FIG 1A). 

= — The skin and subcutaneous tissue are incised sharply, tak- 
ing care not to undermine the tissues. 

= The extensor digitorum brevis is exposed and followed 
proximally to its origin at the sinus tarsi (TECH FIG 1B,C). 
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TECH FIG 1 « A. The incision lies between the extensor tendons and peroneal tendons. B,C. The extensor digitorum brevis is 


identified and reflected distally. (continued) 
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TECH FIG 1 ® (continued) D. The coalition is localized with a needle 
and confirmed fluoroscopically. E. The coalition is resected with a 
small osteotome. When performing the medial cut, care is taken to 
avoid damaging the adjacent articular surface of the talar head. 


Fibrofatty tissue within the sinus tarsi is exposed. 

This fibrofatty tissue is incised and reflected distally 
along with the attached origin of the extensor digitorum 
brevis, exposing the anterior process of the calcaneus 
and the calcaneonavicular coalition (TECH FIG 1D). 


Fluoroscopic confirmation of the coalition is obtained by 
placing a surgical instrument or needle directly over it 
(TECH FIG 1E). 


RESECTION OF THE CALCANEONAVICULAR COALITION 


The extensor digitorum brevis is retracted distally and 
any remaining fibrofatty tissue from the sinus tarsi is re- 
tracted proximally. 

A small osteotome is used to remove a trapezoidal piece 
of bone (TECH FIG 2A,B). 

The first cut is made in the region of what would be the 
middle of the anterior process of the calcaneus. This cut 
should be inclined about 40 to 60 degrees from the ver- 
tical relative to the plantar surface of the foot and di- 
rected medially toward the lateral aspect of the navicu- 
lar, deep within the wound. 

The next cut is made at the most lateral aspect of the 
navicular, directed toward nearly the same point as the 
first cut. 





The ends of these two cuts should not meet, as the goal 
is to resect a trapezoidal piece and not a triangular piece. 
When making these cuts, especially the medial one, 
care must be taken to avoid injuring the articular carti- 
lage of the talar head, which lies directly medial and 
proximal to the osteotome. 

Attention must also be paid to removing sufficient bone 
so that there is a visible space between the calcaneus and 
navicular, which is confirmed fluoroscopically on the inver- 
sion view. After resection, the lateral edge of the navicu- 
lar should line up with the lateral aspect of the talar neck 
and the medial edge of the anterior process of the calca- 
neus should line up with the medial edge of the cuboid. 
Remaining bone is removed as necessary with rongeurs 
(TECH FIG 2C). 

Bone wax is placed over the exposed cut bone surfaces. 


TECH FIG 2 ¢ A,B. The piece of bone re- 
moved is trapezoidal in shape, not tri- 
angular. €. Remaining bone is re- 
moved. 
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INTERPOSITION OF FAT GRAFT 


= A piece of subcutaneous fat can be taken from just be- 
neath the buttock crease. Use of this donor site allows for 
a cosmetic incision with minimal donor site morbidity. 
There is always abundant fat in this location and there are 
no neurovascular structures at risk during this dissection. 

= A transverse incision is made at the base of the buttocks 
while an assistant elevates the limb. 

=  Apiece of subcutaneous fat about 2 cm in diameter is re- 
moved and placed directly into the gap that has been 
created (TECH FIG 3). 


Interposition of Peroneus Brevis 
Muscle (Alternative Technique) 


= After the coalition has been resected, heavy ab- 
sorbable sutures are woven through the proximal end 





TECH FIG 3 e A sufficient gap is created and fat is interposed. 


WOUND CLOSURE 


The tourniquet is released and hemostasis is obtained. 
If fat was used as graft material, the extensor digitorum 
brevis is sewn back down anatomically to its origin with 
absorbable suture. 


PEARLS AND PITFALLS 


of the peroneus brevis that had been detached from its 
Origin. 

= The ends of the sutures are passed through Keith 
needles. 

= The Keith needles are passed through the space that has 
been created in the depth of the wound, to exit the me- 
dial side of the foot. 

= The needles are passed through a piece of sterile felt and 
a button and the sutures are sewn over the button, 
drawing the muscle into the gap where the calcaneonav- 
icular coalition was previously (TECH FIG 4). 





TECH FIG 4 e Absorbable sutures are passed through the 
proximal edge of the extensor digitorum brevis and the ends 
are passed into the space created by the resection and out 
the medial side of the foot. They are then tied over felt and 
a button. 


Zz Subcutaneous tissue and skin are closed in standard 
fashion. 





Approach 
Coalition resection 


Graft harvesting and placement 


= The surgeon should avoid undermining the skin to prevent wound complications. 
= To prevent bone regrowth, the surgeon should ensure adequate bone is removed so that 


there is a visible gap between the calcaneus and navicular. 
=™ The surgeon should be cognizant of the local anatomy, specifically the location of the head 
of the talus, to avoid damaging the talus when making cuts. 


resection. 


POSTOPERATIVE CARE 


= The patient is placed in a cast or splint for 2 to 3 weeks 
to allow the graft to consolidate and the wound to heal. 

= Progressive weight bearing is allowed after cast removal, 
and range-of-motion exercises are performed to address 
subtalar motion. 


= When using fat graft, sufficient fat should be removed to fill the defect created by the 


OUTCOMES 


=" Greater than 90% good or excellent results have been re- 
ported in most series.* 

=" Poor results with persistent pain are attributed to failure 
to resect adequate bone or the presence of concurrent 
arthritis in the midfoot or hindfoot.* 
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COMPLICATIONS 


= Failure to resect adequate bone 

= Injury to adjacent articular cartilage 
=" Wound-healing complications 

=" Recurrence of the coalition 
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DEFINITION 


= A talocalcaneal coalition is an abnormal connection be- 
tween the talus and the calcaneus that limits subtalar motion. 
= As is the case for calcaneonavicular coalitions, which are de- 
scribed in the prior chapter, talocalcaneal coalitions typically 
result in a rigid flatfoot that is sometimes painful. 


ANATOMY 


=" Talocalcaneal coalitions occur within the subtalar joint, 
most commonly involving the middle facet.’ 

= These connections can be bony, cartilaginous, or fibrous 
and can involve any amount of the joint. 

= The size of the coalition is described with respect to the per- 
centage of the subtalar joint that is coalesced.’ 


PATHOGENESIS 


= Like calcaneonavicular coalitions, the cause of talocalcaneal 
coalitions remains unknown, but they may be the result of fail- 
ure of segmentation during fetal development.* 

= Although they are presumed to be congenital in nature, 
symptoms typically do not appear until early adolescence, ages 
12 to 16.°°* 

= Tt is unclear why some coalitions become painful. One theory 
suggests the possibility of altered talar joint kinematics placing 
additional stress on adjacent joints. Another is the development 
of microfractures or stress fractures through the coalition over 
time, rendering them painful.' 


NATURAL HISTORY 


=" Most talocalcaneal coalitions are asymptomatic.* 

= They may result in the development of a rigid flatfoot, char- 
acterized by valgus alignment of the heel, abduction of the 
forefoot, loss of the arch, and failure of the arch to reconsti- 
tute on toe-rise or when non-weight bearing. 

= Pain secondary to talocalcaneal coalitions usually develops 
between 12 and 16 years of age.**® 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Patients typically describe pain in the foot that is activity 
related; it is exacerbated by walking on uneven surfaces and 
relieved by rest. 

= This pain may be generalized to the midfoot or can be specif- 
ically localized to the medial aspect of the hindfoot and ankle. 
= Patients may also complain of lateral pain at the tip of the 
fibula. 

=" There may be a history of progressively worsening out- 
toeing or loss of the arch. 

= The clinician should observe the patient’s gait for an an- 
talgic pattern and torsional alignment, with specific attention 
to foot position during stance. 
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Excision of Talocalcaneal 
Coalition 


= The patient’s foot alignment is examined; the heel may be in 
valgus alignment with the forefoot abducted. 

= The rigidity of the flatfoot is observed. Flexible flatfoot has 
a restoration of the arch on toe-rise; rigid flatfoot has no arch 
restoration. A rigid flatfoot is a sign of decreased subtalar 
motion and may indicate a tarsal coalition. 

=" The physician should test for subtalar motion. The test is 
not sensitive for talocalcaneal coalition but is indicative of 
some process within the subtalar joint. 

=" The physician should palpate over the medial aspect of the 
hindfoot, just plantar to the medial malleolus, in the region 
of the sustentaculum tali. Tenderness in this region may be 
indicative of a middle facet talocalcaneal coalition. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiographs should be obtained in an attempt to iden- 
tify the coalition. These should include anteroposterior (AP), 
lateral, oblique, and Harris axial views (FIG 1A-B),. 
= A talocalcaneal coalition is best seen on the Harris axial 
view, but it may be difficult to obtain the exact orientation 
to adequately visualize the middle facet. 
= On the lateral view there may be a continuous C-shaped 
line along the talar dome and into the posterior facet (C- 
sign).° 
=" On the AP and oblique view one may identify other con- 
current coalitions. 
= Standing AP and lateral radiographs and a Salzman hind- 
foot alignment view can be useful for assessing foot alignment, 
especially hindfoot valgus. 
=" A CT scan is mandatory to clearly visualize the coalition 
and determine the percentage of the subtalar joint that is in- 
volved (FIG 1C).’ 
=" An MRI may be useful if the diagnosis is equivocal and a 
cartilaginous or fibrous coalition is suspected. 


DIFFERENTIAL DIAGNOSIS 


= Flexible flatfoot 

" Subtalar arthritis 

=" Other tarsal coalition (calcaneonavicular or less common 
ones) 

=" Tumor or infection involving the subtalar joint 

= Idiopathic rigid flatfoot 


NONOPERATIVE MANAGEMENT 


= Nonoperative management is indicated for all patients with 
talocalcaneal coalition at first presentation. 

= Painless coalitions need no treatment. 

= The initial treatment for painful talocalcaneal coalitions is 
activity modification, anti-inflammatory medication, and im- 
mobilization in a short-leg walking cast. 
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SURGICAL MANAGEMENT 


= The indication for surgical management is persistence of 
pain despite nonoperative management. 

=" The main goals of treatment are, primarily, elimination of 
pain and restoration of function. 

= Restoration of subtalar motion is a secondary goal. 

= Restoration of arch height is unlikely following excision of 
a talocalcaneal coalition. 


Preoperative Planning 


= All imaging studies are reviewed. 

=" An examination of subtalar motion may be performed 
under anesthesia to compare to the motion obtained after 
excision of the coalition. 





INCISION AND DISSECTION 


= The procedure can be done under tourniquet control, if 
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FIG 1 © Coalition can be seen on plain 
oblique (A) and lateral (B) radiographs. C. CT 
scanning can be used to visualize the 
coalition and determine the percentage of 
the subtalar joint that is involved. 


Positioning 

= The patient is positioned supine on the operating table. 

=" Generally the leg assumes an external rotation posture at 
rest so that the medial ankle and hindfoot are easily accessi- 
ble. If this is not the case, then a small bump can be placed 
beneath the opposite hip. 

= A tourniquet is placed on the upper thigh or an eschmarch 
tourniquet may be used just proximal to the ankle. 


Approach 


=" The approach involves identification of the entire coalition 
with delineation of the normal cartilage on either side. 

=" The bone representing the coalition is exposed and sub- 
cutaneous fat or a portion of the flexor hallucis longus is 
interposed. 


If any fibers of the abductor hallucis are encountered, 





they are retracted plantarly. 

The tibialis posterior tendon is identified dorsally 
(TECH FIG 1B). 

The flexor digitorum longus tendon is identified and 
its sheath is opened along the length of the incision 
(TECH FIG 1C). 


desired. 
= A straight horizontal incision is made along the medial #® 
aspect of the hindfoot centered over the sustentaculum 
tall. = 
= The incision should extend from the anterior margin 
of the Achilles tendon to the prominence of the nav- 
icular tuberosity (TECH FIG 1A). 
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The neurovascular bundle is identified just posterior to 
the flexor digitorum longus. 

The flexor hallucis longus tendon sheath can be opened 
if it is to be used as interposition material. If autologous 
fat graft is to be used, then this step is unnecessary. 


The talocalcaneal coalition lies just dorsal to the susten- 

taculum tali and deep to the sheath of the flexor digito- 

rum longus. 

While retracting the flexor digitorum longus tendon 

plantarly, palpate the sustentaculum tall. 

The coalition lies deep to the medial portion of the 

sheath of the flexor digitorum longus and periosteum. 

The medial aspect of the flexor digitorum longus sheath, 

along with the periosteum just deep to it, should be in- 

cised slightly dorsal to the prominence of the sustentac- 

ulum tali, taking care to maintain an adequate layer to 

be used later for closure (TECH FIG 2A,B). 

Because the normal joint in this area is now obscured by 

the coalition, it is often difficult to determine the appro- 

priate level for bone resection without first identifying 

some normal joint space. 

= If this is the case, the dissection may be carried poste- 
riorly and anteriorly to identify the posterior and an- 
terior facets of the subtalar joint, respectively, so that 
the normal articular cartilage in these areas can be 
identified. 

= The posterior facet can be identified by retracting the 
neurovascular bundle either posteriorly or anteriorly 
and dissecting deep to it. 

= The anterior facet is identified just proximal to the 
talonavicular joint and plantar to the talar neck. 

=" Occasionally a stripe of cartilage can be identified 
traversing through the center of the coalition. In 





The Achilles tendon is then identified at the most poste- 
rior aspect of the wound. 

At this point all of the critical anatomic structures have 
been identified and the coalition can now be exposed. 





TECH FIG 1 « A. Incision marked on the skin. B. The posterior tibial tendon (superior) 
and flexor digitorum longus tendon (inferior). C. The neurovascular bundle is seen di- 
rectly posterior to the posterior tibial tendon. 


EXPOSURE OF THE TALOCALCANEAL COALITION 


these cases, resection may proceed directly to this 
level. 
Next, while retracting the flexor digitorum longus and 
neurovascular bundle plantarly to protect them, the 
bone is resected between the two previously identified 
areas of normal articular cartilage. 
= This can be accomplished with a high-speed burr, 
rongeurs, and curettes (TECH FIG 2C). 
Resection of bone is continued until normal articular car- 
tilage is encountered deep within the wound, lateral to 
the coalition as well as anterior and posterior to it (TECH 
FIG 2D,E). 
Careful attention to the preoperative imaging studies 
(namely CT scan and possibly MRI) will aid in estimating 
how far lateral the dissection should continue. 
Take care to resect bone from known to unknown areas, 
as it is possible to drift dorsal or plantar into the body of 
the talus or calcaneus, consequently missing the coali- 
tion. 
Once the entire coalition has been resected, the foot 
should be inverted and everted, demonstrating an im- 
provement in subtalar motion. 
= |t should be possible at this point to see clear space 
from the posterior facet to the anterior facet with 
supple motion through the joint. 
Apply a thin layer of bone wax to the exposed bony sur- 
faces to minimize bleeding and theoretically decrease 
the risk of recurrence of the coalition. 





Posterior facet 
subtalar joint 










Flexor 
retinaculum (cut) 


Posterior 


tibial ; 
tendon_-~ 

Coalition Sustentaculum 
A tali 


INTERPOSITION OF FAT GRAFT 





Next, to retrieve fat graft, the neurovascular bundle is 
retracted anteriorly, exposing the retrocalcaneal fat 
between the Achilles tendon and the calcaneus (TECH 
FIG 3A). 
A piece of fat about 1 cm in diameter is excised from 
the area. 





Flexor 
digitorum 
longus 


Flexor 
| hallucis 
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TECH FIG 2 ¢ A,B. The medial aspect of the sheath of the flexor digitorum longus and the periosteum overlying the talus 
are incised. C. The posterior facet is visualized (just posterior to the curette) and the coalition is entered with a curette. 
D,E. The coalition has been removed and there is a visible gap between the talus (superior) and calcaneus (inferior). Just 
beyond the excised bone, normal articular cartilage can be seen. 


This fat is interposed into the space from where the 
coalition was resected (TECH FIG 3B,C). 

The layer of tissue composed of periosteum and flexor 
digitorum longus sheath is then repaired over this fat 
with absorbable sutures helping to secure it in place 
(TECH FIG 3D). 


TECH FIG 3 « A. Retrocalcaneal fat is exposed between the Achilles tendon and 
the neurovascular bundle and harvested for the graft. B-D. The graft is inserted 


into the area of the resected coalition and the periosteum is closed over 


the graft. 
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INTERPOSITION OF A PORTION OF 


THE FLEXOR HALLUCIS LONGUS 


TENDON (ALTERNATIVE TECHNIQUE) 


= As an alternative to autologous fat graft, half of the 
flexor hallucis longus tendon may be interposed.*4 

= After completely resecting the coalition and confirming 
adequate motion of the subtalar joint, the flexor hallucis 
longus tendon is exposed by opening its sheath just infe- 
rior to the sustentaculum tali, if this has not been done 
during the surgical approach. 

= — The flexor hallucis longus lies in a groove directly inferior 
to the sustentaculum tal. 

= The flexor hallucis is then split longitudinally but left in 
continuity along its length. 


WOUND CLOSURE 


= The tourniquet is released and hemostasis is obtained. 
= The tendon sheath of the flexor digitorum is closed with 
fine absorbable sutures. 


PEARLS AND PITFALLS 


= The superior half of the tendon is then placed in the gap 
that has been created where the coalition was resected. 
= Care is taken to ensure that the length of tendon that is 
split is sufficiently long so that the motion of the flexor 
hallucis longus is not restricted. 
= This is accomplished by moving the interphalangeal 
joint of the great toe through a range of motion and 
confirming that motion is not restricted. 
= The periosteum from the talus is then sutured to the pe- 
riosteum from the sustentaculum to prevent the tendon 
from slipping out of place. 


Zz Subcutaneous tissue and skin are closed in standard 
fashion. 





y assessed for the extent of the coalition and the presence of 


subtalar arthritis. Excision of the coalition is contraindicated if greater than 50% of the joint surface is 


and radiographically to assess for hindfoot valgus. Excessive 


Indications = The preoperative CT scan should be carefull 
coalesced or in the presence of subtalar arthritis. 
® Hindfoot alignment is determined clinically 
valgus has been associated with poor outcomes. 
Approach 


Excision of coalition 


= The periosteum and medial sheath of the fl 


level of resection can be identified. 
= Bone is resected from the area where the n 


= The incision should be long enough to allow adequate identification of normal subtalar joint. 


exor digitorum longus are preserved to secure the graft. 


= The surgeon should identify normal articular cartilage posterior and anterior to the coalition so that the 


ormal joint can be seen toward the center of the coalition. 


# It is possible to resect bone into the body of the talus or calcaneus, missing the coalition, if careful 
attention is not paid to the level of resection. 


Closure = The periosteum and medial sheath of the fl 
extrusion of the graft. 
POSTOPERATIVE CARE 


= A splint or short-leg cast is applied. 

=" The foot is immobilized and the patient should remain non- 
weight bearing for 2 to 3 weeks to allow for wound healing 
and consolidation of the graft. 

= After that, progressive weight bearing and gentle range-of- 
motion exercises are initiated, focusing on restoring subtalar 
motion. 


OUTCOMES 


=" Most series report better than 85% good to excellent 
results.2°49>7 

= Poor results, characterized by persistent pain, have generally 
been associated with coalitions of more than 50% of the joint 


exor digitorum longus tendon are repaired to prevent 


surface, subtalar arthritis, or severe valgus alignment of the 
heel in excess of 21 degrees.*” 


COMPLICATIONS 


= Failure to adequately resect the coalition 
=" Recurrence of the coalition 
= Residual pain or stiffness due to pre-existing subtalar arthritis 
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DEFINITION 


=" Clubfoot, also known as congenital talipes equinovarus, oc- 
curs in approximately 1 in 1000 live births. 
=" The clubfoot contains four identifiable components that are 
easily remembered using the acronym CAVE (cavus, adductus, 
varus, and equinus). Idiopathic clubfoot contains each of the 
four components to varying degrees. 
" The so-called postural clubfoot is held by the infant in an 
equinovarus position, but all components are nearly com- 
pletely correctable with gentle manipulation and resolve 
over time without intervention. 
=" A small proportion of clubfeet are teratologic, occurring as 
part of other neuromuscular diseases, such as Larsen syn- 
drome, any of the arthrogryposis syndromes, and spina bifida. 
= A severe type of idiopathic clubfoot, the complex clubfoot, 
has tighter hindfoot and plantar structures. 
=" In 1948 Dr. Ignacio Ponseti began manipulating clubfeet 
through serial casting, completely correcting the clubfoot de- 
formity. The principles of Ponseti casting lay in gradually 
stretching the soft tissue structures and gently inducing re- 
molding of the primarily cartilaginous bones of the hindfoot 
during immobilization. 
" For the definitive publication on clubfoot and the Ponseti 
technique, the reader is referred to Dr. Ponseti’s book.° 
" The success of the treatment protocol that bears his name 
has been borne out through over 30 years of follow-up, estab- 
lishing it as the standard for initial treatment of clubfoot.' 
" Dr. Ponseti has recently published a modification to his 
original casting technique that addresses the specific defor- 
mities characteristic of the complex clubfoot.’ 


ANATOMY 


=" The Achilles and posterior tibialis tendons, as well as the 
posterior and medial ligaments between the calcaneus, talus, 
and navicular, are thickened and fibrotic.° 
=" The clubfoot contains a number of changes in bony align- 
ment and shape (FIG 1). 
" Relative to normal foot anatomy, the first ray is plan- 
tarflexed, generating the cavus deformity. By comparison, 
all rays are plantarflexed in the complex clubfoot, resulting 
in full-foot cavus. 
= The navicular is medially displaced on the talus, and the 
cuboid is medially displaced on the calcaneus as part of the 
adductus deformity. The medial corners of the head of the 
talus and the anterior calcaneus are flattened. 
" The calcaneus is inverted under the talus, creating the 
hindfoot varus, while also being in equinus and elevated in 
the fat-pad of the heel. 
" In children with unilateral clubfoot, the affected foot is 
smaller, as is the lower leg, relative to the unaffected side. 
=" Up to 85% of clubfeet have an insufficient or absent ante- 
rior tibial artery.> 
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NATURAL HISTORY 


= The exact cause of the fibrotic changes in clubfoot is 
unknown. 
= Left uncorrected, the weight-bearing surface in a clubfoot 
becomes the dorsolateral surface. 
" Thick callosities develop, and the positioning of the foot 
creates significant functional disability. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" Clubfoot may be identified on prenatal ultrasound as early 
as 12 to 13 weeks (FIG 2). 
" Half or more of clubfeet identified on second-trimester ul- 
trasounds have an association with other anomalies or are 
syndromic.® 
" The exact sensitivity and specificity of prenatal ultra- 
sound are unknown, but there does appear to be variation 
with gestational age: the false-negative rate is thought to ap- 
proach 0% but the false-positive rate may be as high 40% 
during the third trimester.* Cases not found on prenatal ul- 
trasound are readily identifiable at birth. 
= All children with clubfeet should be examined for other 
findings that may suggest a syndromic or neuromuscular asso- 
ciation, such as other contractures or joint dislocations (espe- 
cially hip dislocation), cutaneous lesions, spinal abnormalities, 
and abnormal facial features. 
=" The clubfoot is easily identified by the combined deformities 
of cavus, adductus, varus, and equinus. 
" Consider complex clubfoot if a deep midfoot crease and 
cavus extend across the entire plantar aspect of the foot. 
= A deep heel crease, a nonpalpable calcaneus, and tight 
varus and equinus may suggest complex clubfoot. 
=" The ability to abduct or dorsiflex the foot completely 
suggests etiologies other than idiopathic clubfoot, such as iso- 
lated metatarsus adductus, neuromuscular disease, or focal 
anatomic abnormalities. 
= The fat pad of the heel will feel empty upon palpation due 
to equinus positioning of the calcaneus. This is especially dra- 
matic in the complex clubfoot. 
= The lateral head of the talus is easily palpable over the dorso- 
lateral surface of the foot. More laterally, the anterior calcaneal 
tuberosity is also palpable. Care must be taken in differentiating 
these two structures because Ponseti casting necessitates free 
motion of the calcaneus under a talus that is stabilized over its 
lateral head, whereas pressure at the calcaneal tuberosity blocks 
calcaneal rotation, allowing only forefoot abduction. 
=" The complex clubfoot has a crease that extends completely, 
or nearly so, across the plantar aspect of the foot. Full foot 
cavus is present, with plantarflexion of all metatarsals. Also, 
the heel crease is deeper than that of most other clubfeet. The 
first ray in the complex clubfoot, if not noticeably retracted at 
presentation, will become retracted during the initial one or 





Navicular 


FIG 1 e Anatomic alignment in neonatal clubfoot. Note the me- 
dial displacement of the navicular and cuboid, the inversion 
and internal rotation of the calcaneus under the talus, and 
equinus of the talus and calcaneus. 


two correctional casts, as the adductus is corrected, and the 
cavus will persist. All metatarsals remain plantarflexed. 
= It is important to examine the clubfoot before each casting 
to evaluate for the adjustments that must be made during cast- 
ing to correct residual deformities or to identify, and modify 
casting for, a complex clubfoot. 
= A number of classification systems have been introduced, 
the most commonly used being those of DiMeglio and 
Pirani. Both have utility in evaluating correction and recur- 
rence, but the predictability of recurrence and final function 
is still unclear.* 
" The degree of dorsiflexion and abduction, and the dis- 
tance of the navicular anterior to the medial malleolus, pro- 
vide other objective measurements, 





FIG 2 e Ultrasound at 20 weeks of a child born with clubfoot. 
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=" Some children are born with one or both feet held in an 
equinovarus deformity at birth that is nearly completely cor- 
rectable on examination. Nearly complete dorsiflexion (more 
than 20 degrees) is present, although abduction may be 
slightly limited. The calcaneus is also readily palpable in the 
fat pad of the heel. These feet may be thought of as “postural” 
in nature, and most will resolve spontaneously or with 
parental stretching over 1 to 2 months. 
" If persistent, one or two casts usually correct the deformity, 
and no tenotomy is usually necessary because sufficient dor- 
siflexion is obtained with casting. Feet corrected with casting 
should be maintained in a foot-abduction orthosis. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Plain radiographs at birth are not helpful in diagnosing 
clubfoot because the ossific nuclei of the talus and calcaneus 
are spherical, so orientation and relationship are not dis- 
cernible, and the other tarsal bones are unossified. 

= Clinical examination is sufficient to diagnose the congenital 
clubfoot. 

=" Once full abduction is obtained by casting, if dorsiflexion of 
more than 10 degrees is present, forced-dorsiflexion lateral films 
are helpful in differentiating midfoot breach, producing apparent 
dorsiflexion, from true dorsiflexion occurring at the ankle, sug- 
gesting the need for a percutaneous Achilles tenotomy (FIG 3). 


DIFFERENTIAL DIAGNOSIS 


=" Metatarsus adductus 

=" Neurologic equinovarus or cavovarus deformity 
" Both deformities may be differentiated from clubfoot by 
absence of the other components of clubfoot. 

=" Teratologic or syndromic clubfeet (including neuromuscular 

disorders) 
" Clubfoot deformity may be more difficult to correct or 
may tend to recur. 

= “Postural” clubfoot 

=" Complex clubfoot 


NONOPERATIVE MANAGEMENT 


= Ponseti casting of the idiopathic clubfoot involves a specific 
sequence of corrective maneuvers that correct the deformities 
of the clubfoot in combination. 

= Each manipulation is maintained with a plaster cast. 

" Resolution of the deformities occurs simultaneously, but 

complete resolution sequentially follows the acronym CAVE. 
= Ponseti casting can be performed successfully in children up 
to 2 years old, although any correction obtained by casting in 
older children may reduce the amount of surgery required for 
complete correction. 

= An open tendo-Achilles lengthening may be more appropri- 

ate than a percutaneous tenotomy in children over 2 years old. 
=" Long-leg casts should always be used. 

" A short-leg cast should be applied first so that attention is 

made solely to molding around the ankle before extending 

the cast above the knee. 

" Padding should be minimal, and plaster is preferable for 

its ability to be molded precisely to the contours of the foot 

and ankle. 
=" Four to six casts should correct the cavus, adductus, and 
varus deformities. If correction is not achieved in eight casts or 
the child pulls back in the casts (FIG 4A), the possibility of an 
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FIG 3 © A. Dorsiflexion of right clubfoot after five corrective casts, before tenotomy. Dorsiflexion 
of 10 degrees would appear to be sufficient to avoid Achilles tenotomy. B. Forced dorsiflexion 
lateral radiograph of same foot. Dorsiflexion of the metatarsals relative to the axis of the talus 
reveals the source of clinical dorsiflexion. The calcaneus is still in equinus (relative to the tibial 
axis) and a percutaneous Achilles tenotomy is required to complete the correction. C. Forced dor- 
siflexion lateral radiograph of the left (uninvolved) foot. The calcaneus is dorsiflexed and the axis 
of the first metatarsal is almost parallel to the axis. D. Forced-dorsiflexion lateral radiograph of 
the right foot 3 weeks after the percutaneous Achilles tenotomy. Now the calcaneus is dorsi- 
flexed relative to the tibial axis and what was seen on the pretenotomy radiograph (B). 





FIG 4° A. A complex clubfoot that has pulled back in the cast. The cast was originally trimmed dorsally to the web spaces of 
the toes. The heel is elevated in the cast and the toes are no longer visible. B. Purple discoloration of toes after application of 
the first cast, as the cast begins to cool. C. One hour later, the cast temperature has stabilized and the toes are pink. 


unrecognized complex clubfoot or improper casting technique 
should be considered. 
= Casting is facilitated by the child being relaxed and calm. 
Feeding the infant during casting, playing music, or allowing 
the child to play with toys may assist in this. 
" For breast-fed infants, it is helpful if the family intro- 
duces, and uses once daily, a bottle so that one can be used 
during casting. If a bottle is not tolerated, having the child 
suck on a finger that has been dipped in sugar water may be 
successful. 
" Before leaving the clinic, the toes should be checked to make 
sure they are pink and well perfused. 
" Some toes will become reddish-purple as the casts cool 
(appearing much like the acrocyanosis present at birth) but 
will become more pink if the child is bundled and monitored 
over 1 hour or so (FIG 4B,C). 
= Toes that become more purple and dusky indicate that the 
cast is too tight and should be reapplied. 
= Casts are changed every 5 to 7 days. The final cast, follow- 
ing percutaneous Achilles tenotomy, is left in place for 3 
weeks. 
=" Approximately 95% of clubfeet will require a percutaneous 
Achilles tenotomy to correct the residual equinus deformity 
once the other components are corrected. 
=" Once complete correction is obtained, correction must be 
maintained by placing the feet in a foot-abduction orthosis 
(FIG 5A). 
= Some straight-last shoes will need modifications to keep 
the feet secured (FIG 5B,C), while others require a custom 
orthosis (FIG 5D) (see “Postoperative Management”). 


SURGICAL MANAGEMENT 


=" Percutaneous Achilles tenotomy is required in 95% of idio- 
pathic clubfeet to correct the residual equinus. 
=" About 20% of patients require anterior tibialis tendon 
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transfer to correct recurrent or persistent dynamic varus 
deformity. 


Preoperative Planning 


=" Degree of dorsiflexion 
= If dorsiflexion is less than 10 degrees, a percutaneous 
Achilles tenotomy is required to correct the residual equinus. 
= If dorsiflexion is more than 10 degrees, forced-dorsiflex- 
ion lateral foot radiographs help to differentiate midfoot 
dorsiflexion, with residual calcaneal equinus, from true dor- 
siflexion occurring at the hindfoot (see Fig 3). 

= Location 
" The risk of anesthesia must be balanced against the per- 
ceived pain and duration of the procedure, as well as the de- 
gree of sedation necessary for safe performance of the pro- 
cedure and optimizing posttenotomy casting. 
=" Many institutions prefer local anesthesia with 1% lido- 
caine, with the procedure performed in the clinic, for infants 
owing to the high risk of general anesthesia. Others use a eu- 
tectic mixture of lidocaine anesthetic cream left in place over 
the heel. Some institutions require general anesthesia in the 
operating room, and some providers prefer the guaranteed 
sedation and pain control afforded in this setting, especially 
for children over 6 months old. 
= Sedation in a pediatric sedation clinic may be another al- 
ternative. 


Positioning 
=" The child should be supine on the table with the contralat- 


eral leg held out of the way by the parent or an assistant dur- 
ing casting and tenotomy. 


Approach 


= A medial approach is used to avoid the medial neurovascu- 


lar bundle. 





FIG 5 e The foot-abduction orthosis. A. Straight-last shoes are attached to the bar at shoulder width 
with the buckles along the medial aspect of the shoe to ease application. B. Both shoes should be 
placed in 60 degrees of abduction in cases of bilateral clubfoot. C. Plastizote padding added to the 
heel counter of the straight-last shoe prevents plantarflexion and helps keep the foot in the shoe. 
This shoe also has a heel cut-out to confirm that the heel is well seated in the shoe. The lower edge 
of the Plastizote should sit in the recess above the posterior calcaneal tuberosity to help prevent 
lifting of the heel and plantarflexion of the foot. D. A custom-molded foot-abduction orthosis used 


in a case of complex clubfoot. 





| 640 Section |X FOOT AND ANKLE 


CASTING 
Stretching 


= Before casting, the foot should be stretched in the same 
manner as used for immobilization during casting (TECH 
FIG 1A,B). 
=" The thumb of the examiner's contralateral hand (eg, 
the left hand when manipulating the right foot) should 
be placed over the head of the talus, and the index fin- 
ger of the other hand should lie along the medial as- 
pect of the first ray with the second through fourth fin- 
gers under the plantar aspects of the forefoot. 
= The calcaneocuboid joint should be avoided, so as not 
to block subtalar motion. 
= The first casting should focus on elevation of the first ray 
to correct the cavus deformity (TECH FIG 1C). 
=" This places the forefoot in supination, locking the 
midfoot and aligning the forefoot with the hindfoot, 
providing a lever arm for correction of the hindfoot B 
deformities during later abduction maneuvers. 
=" Some of the adductus may also be corrected during 
the first casting. 





TECH FIG 2 « A. The foot should be held in the position of 
correction. Casting of the lower leg begins with two layers of 
cotton padding. B. A thin amount of plaster is applied and 
the foot is held in position while the plaster sets. The thumb 


7 - = provides counterpressure over the lateral head of the talus as 
Lower Leg Cast Application the foot is abducted; the fingers of the same hand mold 
=" A thin layer of cotton padding should be applied. above the calcaneus and around the malleoli. The fingers 


= The padding is wrapped three times around the toes should remain in constant motion. 
distally, then extended proximally over the foot and 


lower leg to pad with no more than two layers of = Avoid making the cast too snug so as to impair venous 
padding. return or apply pressure on the fat pad of the heel. 

= The foot should be held in the position to be casted "™ The lower-leg cast should be precisely molded around the 
throughout (TECH FIG 2A). The popliteal fossa malleoli and above the calcaneus posteriorly using the 
should be avoided proximally. index and middle finger of the same hand as the thumb 

= Athin layer of plaster is applied over the foot and lower that is immobilizing the talus. 

leg. = Do not apply pressure over the fat pad of the heel. 

= The plaster may be applied more loosely over the toes = Throughout, the foot should be held in the position 
but should be snug over the hindfoot and ankle to of correction, but the fingers should be in fairly con- 
immobilize the foot properly and allow for precise stant motion to prevent pressure spots within the 
molding (TECH FIG 2B). minimally padded cast. 





TECH FIG 1 ® A. The thumb should be placed over the lateral head of the talus, just anterior to the lat- 
eral malleolus, during all corrective maneuvers, including during stretching and casting. B. The fingertips 
of the opposite hand are placed under the heads of the metatarsals of the foot to keep all rays aligned. 
The index finger is placed slightly more medially on the first ray to provide an abduction force to the fore- 
foot. C. The first casting corrects the cavus deformity by elevation of the first ray, bringing it into align- 
ment with the other rays. 





Co 


mpleting the Cast 


Once the lower-leg cast has set, padding should be ap- 

plied over the rest of the leg up to the groin, again in no 

more than two or three layers. 

= The knee should be held at 90 degrees, and the lower 
leg should be in slight external rotation. 

= Padding should be minimized in the popliteal fossa to 
prevent impingement of the neurovascular struc- 
tures. The padding should be wrapped three to five 
times over the proximal thigh to pad adequately. 

= Plaster should then be wrapped over the short-leg 
cast above the ankle and extended proximally over 
the padded knee and thigh to the groin. A plaster 
splint of three or four layers of plaster roll should be 
placed over the knee from the middle of the thigh to 
the middle of the shin to strengthen the cast against 
knee extension while minimizing bulk in the 
popliteal fossa. The plaster is then wrapped distally to 
incorporate the splint, ending once the lower leg has 
been completely incorporated. 

= The knee should be molded while held at 90 degrees 
with the lower leg in slight external rotation until set 
(TECH FIG 3A). Rolling the plaster at the proximal 
edge of the cast before the plaster sets up completely 
helps minimize chafing of the thigh. 

The cast should be trimmed distally to expose the toes. 

The surgeon should confirm that they are pink and 

well perfused (TECH FIG 3B) before the child is sent 

home. 








TECH FIG 3 « A. Padding and plaster are applied up to 


the 

into 
The 
skin 


proximal thigh, incorporating the short-leg cast 
a long-leg cast. The knee is flexed to 90 degrees. 
proximal margin of the cast is rolled to decrease 
irritation. B. The distal end of the cast is trimmed 


to the web space of the toes dorsally, revealing pink, 
well-perfused digits. A plantar toe plate remains. 
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=" Trimming the plaster over the dorsal aspect too far 
proximally, beyond the web space, may create a 
tourniquet effect over the forefoot. 

=" A plantar toe plate should be left to prevent toe flex- 
ion and curling, which may facilitate pulling out of 
the cast. 

= Parents should be instructed on signs and symptoms 
of cast problems before discharge. 


Cast Changes and Follow-Up 


Casts are ideally changed every 7 days, although they 

may be changed as frequently as every 5 days; up to 

2 weeks may be tolerated if necessary to accommodate 

conflicts preventing weekly cast changes. 

Casts should not be removed until just before recasting. 

= They can be soaked by the family before coming to 
the office, then removed with a plaster knife in the 
clinic. 

= Alternatively, dry casts may be removed with a cast 
saw, using extreme caution. 

™ Having the parents remove the casts the night before 
results in varied degrees of recurrence overnight and 
prolongs casting. 

After the first casting, the cavus deformity should be 

nearly, or completely, corrected. 

= Abduction may be increased. 

= Stretching is performed with the forefoot in supina- 
tion, maintaining alignment of all rays, abducting the 
foot under the talus. 

The foot is then casted in the newly maintained position, 

just to where the foot may be comfortably corrected 

without significant resistance. 

= Trying to overabduct the foot during a single casting 
results in intolerance as the foot tries to return to its 
position of comfort, and in the worst cases results in 
pressure sores or vascular compromise of the soft tis- 
sues along the medial foot. A keen sense of touch 
and patience are essential. 

= Each subsequent manipulation results in increased 
abduction of the forefoot and correction of the hind- 
foot varus (TECH FIG 4A-D). 

=" Throughout, the forefoot should remain in neutral 
(appearing supinated due to the hindfoot varus) and 
the hindfoot in equinus (TECH FIG 4E). 

=" Dorsiflexion of the calcaneus remains blocked under 
the neck of the talus until approximately 25 degrees 
of abduction has been obtained. Dorsiflexion before 
that point results in midfoot, and not subtalar, dorsi- 
flexion (see Fig 3). 

= Subsequent eversion of the calcaneus will bring the 
forefoot and hindfoot into more neutral positions 
and dorsiflexion may be obtained by percutaneous 
Achilles tenotomy. 

Once abduction of 70 degrees is obtained (TECH FIG 4F), 

correction of the remaining equinus deformity may 

occur. 

=" Overabduction to 70 degrees is necessary to accom- 
modate some of the inevitable recurrence, without 
allowing progression beyond a normal position that 
would require recorrection. 
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TECH FIG 4 e A. Adduction is decreased in the second cast. B. By the third cast, the foot is in line with the leg. C. By 
the fourth casting, the foot is abducted 20 degrees and held in this position with the cast. D. With the fifth cast, 
the foot is now held at 45 degrees of abduction. E. Before the tenotomy, the foot remains in plantarflexion 
throughout abduction. F. After removal of the fifth cast, the foot can be abducted 70 degrees and is ready for per- 
cutaneous Achilles tenotomy. The amount of dorsiflexion in this foot is seen in Figure 3. 





COMPLEX CLUBFOOT 


The complex clubfoot may not be immediately recogniz- 

able at presentation. 

Correction usually begins using the standard maneuvers, 

elevating the first ray with the first cast and continuing 

abduction with the second cast. 

=" Within one or two casts, the foot begins to clearly 
demonstrate a demarcation from the expected cor- 
rection as the cavus persists and evolves, involving 
plantarflexion of all metatarsals, and the first ray be- 
comes retracted. 

=" At this point, the technique must be modified. 

In the complex clubfoot, the tight plantar intrinsics and 

toe flexors induce full-foot cavus. This is exacerbated by 

the tight hindfoot structures, which also limit correction 

of the varus to just beyond neutral. 

=" Asa result, the casting technique must be modified 
not only to correct these features, but also to de- 


crease the propensity for pulling out of even long-leg 
casts. 

Lateral counterpressure still occurs at the lateral head 

and neck of the talus, but stabilization of the fibula 

should also occur. 

=" The index finger of the contralateral hand (eg, the ex- 
aminer’s left hand when manipulating a patient's 
right clubfoot) should be flexed at 90 degrees at the 
proximal interphalangeal joint and placed posterior 
to the distal fibula. 

=" The thumb of the same hand is placed just anterior to 
the lateral malleolus along the neck of the talus. 

As the foot begins to approach neutral, the full-foot 

cavus, along with the dramatic equinus, can pose signifi- 

cant casting difficulties. 

=" The foot becomes contiguous with the lower leg, 
absent any ankle dorsiflexion, and the cavus short- 


ens the foot, making it even more difficult to immo- 
bilize. 

A posterior splint of three or four layers of plaster should 

be applied under the plantar surface of the foot, extend- 

ing from beyond the tips of the toes proximally over the 

posterior lower leg. 

= Asinthe upper-leg portion of the traditional cast, the 
posterior splint about the foot strengthens the plan- 
tar portion of the cast against the forceful plan- 
tarflexion of the complex clubfoot without increasing 
bulk over the anterior ankle, which may impede 
molding and immobilization. 

=" Then, a thin layer of plaster may be wrapped in the 
usual manner to encompass the foot and lower leg. A 
minimal amount of plaster should be used because 
precise molding is even more important for the com- 
plex clubfoot. 

= The pads of the thumbs of both hands may be placed 
under the forefoot, with the pads of the index fingers 
placed over the dorsal surface of the talar neck, ante- 
rior to the medial and lateral malleoli, with the pads 
of the middle fingers posterior to the malleoli. The 
forefoot is then forcefully dorsiflexed against the 
counterpressure over the dorsal talar neck, enough to 
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produce blanching of the digits (presumably due to 
tension constriction of the posterior tibial and per- 
oneal arteries) (TECH FIG 5A). 
=" Further counterpressure to dorsiflexion is applied 
over the anterior thigh above the flexed knee. 
= Upon release of dorsiflexion pressure after setting of 
the cast, the slight relaxation of the cast will result in 
revascularization of the digits (TECH FIG 5B). 
= Care should be taken not to abduct the foot beyond 
45 degrees because the tight hindfoot prevents fur- 
ther progression of the hindfoot into valgus, and ab- 
duction of the forefoot only occurs. 
= On extending the cast up over the lower leg, the knee 
should be flexed to 110 degrees to minimize the ability 
to pull out of the cast. An anterior plaster splint over the 
thigh and knee should be used just as in the traditional 
technique. 
= Tenotomy occurs once the cavus and adductus deformi- 
ties are corrected, and about 40 degrees of abduction is 
obtained. 
= Attempting to abduct the complex clubfoot beyond 40 
degrees results in no further hindfoot correction and 
only overabducts the forefoot, making immobilization of 
the foot in the cast more difficult. 





TECH FIG 5 e A. When casting the complex clubfoot, to cor- 
rect the full-foot cavus, a dorsiflexion force is applied to dor- 
siflex at the midfoot. The fat pads of both thumbs are placed 
under the heads of the metatarsals, with the index fingers 
over the dorsal aspect of the talar neck, and the middle fin- 
gers placed behind the malleoli to help mold the cast. 
B. When dorsiflexing the complex clubfoot during initial 
castings (before tenotomy), the toes should blanch. When 
dorsiflexion pressure is released, the slight relaxation of the 
cast results in reperfusion of the digits. In this case, blood 
flow returned initially to the first, fourth, and fifth digits; the 
second and third became pink a few moments later. 


PERCUTANEOUS ACHILLES TENOTOMY 


The tenotomy should occur 1 to 1.5 cm above the inser- 

tion of the Achilles on the posterior tuberosity of the 

calcaneus. 

= In many feet, this is 1 to 1.5 cm above the posterior 
heel crease. 

= Performing the tenotomy too low results in damage 
to the posterior calcaneal tuberosity. 

For procedures in the clinic, local anesthesia must be used. 

= Asmall amount of 1% lidocaine may be injected lo- 
cally over the tendon at the site of blade insertion be- 


fore the procedure, taking care not to inject so much 
as to obscure the ability to discern the Achilles tendon 
for the procedure (TECH FIG 6A). Usually less than 
0.05 mL is sufficient. 
=" Alternatively, a eutectic mixture of lidocaine anesthetic 
cream may be used topically. It should be left in place 
for at least 45 minutes for maximal effect. Blanching of 
the skin correlates with the anesthetic effect. 
= An assistant should hold the foot in maximal dorsiflexion 
to increase tension on the Achilles tendon, making it 
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more easily palpable and able to be transected (TECH 

FIG 6B). 

= A second assistant should hold the contralateral leg 
and foot out of the field. 

A thin, sharp scalpel should be used to perform the teno- 

tomy. Cataract surgical blades (5100 or 5400 Beaver 

blades) are well suited for this procedure, although an 11 

blade is also acceptable. One of two techniques may be 

used to insert the blade: 

=" The blade of the scalpel may be inserted perpendicu- 
lar to the skin, anterior to the Achilles tendon, from 
the medial side, with the blade itself oriented paral- 
lel to the longitudinal axis of the tendon. The blade 


TECH FIG 6 « A. Local anesthesia for percutaneous Achilles tenotomy of the left foot. Lidocaine is injected 1 to 1.5 cm above 
the insertion of the Achilles tendon on the calcaneus, which in this case occurs at the level of the hindfoot crease. B. An assis- 
tant dorsiflexes the left foot, applying tension to the Achilles tendon, making it easier to palpate and transect with the scalpel. 
C. One of the two techniques used to insert the scalpel blade and transect the tendon. (The illustration is of the left foot.) The 
handle of the scalpel is perpendicular to the skin over the medial heel cord, with the blade parallel to the axis of the tendon. 
Once the tip of the blade has been advanced beyond the lateral edge of the tendon, the blade is turned perpendicular to the 
tendon (arrow). D. The second of the two techniques for blade insertion. (The illustration is of the left foot.) The handle and 
the blade are advanced at a 45-degree angle to the skin, with the sharp edge of the blade oriented perpendicular to the ten- 
don. Once advanced deeply enough for the tip to be beyond the lateral edge of the tendon, the handle is swung anteriorly to 


must be advanced far enough to pass beyond the lat- 
eral side of the tendon so that complete transection 
occurs. Once advanced far enough, the blade may be 
rotated in place, orienting the blade perpendicular to 
the tendon (TECH FIG 6C). 

Alternatively, the blade may be advanced anterior to 
the tendon at a 45-degree angle to the skin, again ad- 
vancing the tip of the blade deep enough to pass the 
lateral side of the tendon, but with the blade ori- 
ented perpendicular to the tendon from the outset. 
The handle of the scalpel may then be lifted ventrally, 
bringing the blade perpendicular to the skin, resting 
against the tendon (TECH FIG 6D). 





bring the blade into contact with the tendon (arrow). The handle is now perpendicular to the skin. (continued) 
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TECH FIG 6 e (continued) E. Transection of the Achilles tendon of the left foot. Pressure is applied with the contralateral 
thumb, pressing the tendon onto the blade, resulting in tendon transection. The level of the tenotomy is 1 cm above the 
posterior heel crease. F. The foot is in plantarflexion before the tenotomy. G. After the tenotomy, 30 degrees of dorsiflex- 
ion is obtained. In extreme dorsiflexion the digits blanch, presumably due to impingement of the posterior tibial artery. 
Decreasing dorsiflexion just a few degrees resulted in reperfusion. H. During application and molding of the short-leg cast, 
the foot should be held in maximum dorsiflexion and abduction. An assistant provides counterpressure above the knee. 
Dorsiflexion pressure is applied only over the plantar aspect of the midfoot and forefoot and the heel remains untouched, 
while the cast is molded around the ankle with the fingers of the other hand. 


Once the blade is oriented perpendicular to the fibers of 
the Achilles tendon, the safest maneuver involves press- 
ing the tendon onto the blade using the contralateral 
thumb (TECH FIG GE). 
= Complete transection often results in a palpable 
“nop,” release of the Achilles tendon, and an imme- 
diate increase of 15 to 20 degrees of dorsiflexion 
(TECH FIG 6F). A palpable defect in the tendon con- 
firms complete transection. 
=" If incomplete transection occurs, the tendon should 
be revisited, adjusting blade position as necessary, to 
complete the release. 
=" Care should be taken not to pull the blade 
through the tendon lest laceration of the overly- 
ing skin occur once the resistance of the tendon 
disappears following transection. 
The Betadine should be cleansed from the skin to pre- 
vent Betadine burns to the neonatal skin, and pressure 
should be applied to the incision site to stop all bleeding 
before cast application. 
The foot should now be held in the new position of max- 
imum dorsiflexion and abduction. 
In some cases, the increased dorsiflexion will increase 
traction on the solitary posterior tibial artery as it passes 
under the medial malleolus, constricting it and resulting 
in blanching of the digits (TECH FIG 6G). 
The lower leg is wrapped with sterile cotton in the usual 
manner, accommodating the increased dorsiflexion. 
The plaster is applied in the usual manner, and the cast 
must be molded well at the anterior ankle to accommo- 
date the increased dorsiflexion and prevent pulling back 
in the cast (TECH FIG 6H). 


For the complex clubfoot, the posterior plaster splint 
should be used in the short-leg cast. 

On release of dorsiflexion pressure after setting of the 
cast, the slight relaxation of the cast will result in revas- 
cularization. 

If revascularization does not occur, the cast may need to 
be removed and reapplied. Although maximum dorsiflex- 
ion is prevented because of vascular compromise, what is 
gained is usually sufficient for adequate correction with- 
out the need for a second tenotomy or later recorrection. 


Casting 


Extension of the cast above the thigh as a long-leg cast 

should occur with the knee in the usual 90 degrees of 

flexion, first with padding (TECH FIG 7A) and then with 

plaster, holding the lower leg in slight external rotation 

(TECH FIG 7B). 

= The complex clubfoot should have the knee flexed at 
110 degrees. 

= An anterior knee splint should be used in both cases. 

The posttenotomy cast should be left on for 3 weeks be- 

fore removal to allow tendon healing. 

Frequently, blood seeps through the cast and becomes 

visible, and parents should be alerted to this. 

= Persistent bleeding, resulting in a spot above the heel 
larger than a quarter in size, may signify injury to vas- 
cular structures on the lateral aspect of the foot, 
rarely requiring any intervention other than further 
assessment. 

When the cast is removed, complete correction should 

have been obtained (TECH FIG 7C,D). 
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TECH FIG 7 ¢ A. Cotton padding is applied from the proximal edge of the short-leg cast up to the groin. B. With ex- 
tension to the long-leg cast, the lower leg is held in slight external rotation, and the knee is held at 90 degrees of 
flexion. The foot is now in maximum dorsiflexion and abduction. C,D. Three weeks after tenotomy, after the final 
cast is removed, complete correction is obtained. C. The foot abducts 70 degrees. D. The foot actively dorsiflexes 20 
degrees. 





PEARLS AND PITFALLS 





Failure to correct the cavus = Failure to elevate the first ray will result in worsening cavus during abduction, and only the 

deformity with initial casting forefoot will abduct. The hindfoot varus will fail to correct. The foot will then pull back in 
the cast. The same deformities will occur in the complex clubfoot if the full-foot cavus is not 
corrected before or during early abduction. 


Toes turn purple after cast Some neonatal feet have poor vascular control and will turn purple as the cast cools. Don’t be 

application (see Fig 4) too hasty to remove the cast. Bundle the child, elevate the feet, and recheck every 15 minutes 
x4. As the cast dries, the toes should become pink (see Fig 4). Increasing purplish 
discoloration indicates a cast that is too tight and should be reapplied. 


An older child who resists A child who fights casting prevents good molding and too much motion may prevent the 

casting cast from setting up in the desired position. A quiet room with music may relax the child. 
Likewise, entertaining the child with a toy may distract him or her. Feeding may also be 
helpful. Older children often do better if sitting slightly upright, propped against a pillow, or 
even in a parent’s lap. 


Child pulling out of Add padding in the heel, above the posterior calcaneal tuberosity, use a shoe with a heel 

foot-abduction orthosis cutout, or both (see Fig 5C). If the child has a strong propensity for toe curling, try a 
Plastizote plate under the toes to keep them extended. For persistent intolerance, try using 
only the strap without the tongue. Maintenance of complex clubfoot is extremely difficult 
and may require a custom brace (see Fig 5D). 


Child cries while in casts or Make sure the toes are well perfused. Discomfort for 24 hours after the first casting or 

in bar and shoes tenotomy is common and easily relieved with acetaminophen. The child should be seen and 
the cast might need to be removed if discomfort persists for >48 hours. 

If the child is in an orthosis, examine the feet for sores. If the orthosis is removed whenever 
crying occurs, the child may associate crying with subsequent bar removal. Feet may be hyper- 
esthetic after casting: massage during diaper changes and other times out of the orthosis ac- 
celerates desensitization. 


Monitor for decreases in abduction and dorsiflexion. 

Treating an early identified, minimal recurrence with stretching by the parents with every dia- 
per change may prevent progression. Later or more marked recurrence should be treated 
with recasting and possibly a second percutaneous tenotomy. For recurrence in older children, 
an open Achilles tendon lengthening may be more appropriate for feet with minimal dorsi- 
flexion. For residual dynamic varus, a transfer of the anterior tibialis tendon may be necessary 
(see Chap. PE-92). 


Recurrence 


POSTOPERATIVE CARE 


= After removal of the posttenotomy cast, the child should 
immediately be placed in a foot-abduction orthosis. Most 
fully corrected idiopathic clubfeet will tolerate standard or- 
thoses consisting of open-toed, straight-last shoes connected 
by a bar. 
= In the case of bilateral corrected clubfeet, both shoes should 
be placed in abduction and external rotation on the bar to the 
degree of comfortable correction, typically 55 to 60 degrees 
(see Fig SD). 
=" For unilateral clubfoot, only the shoe of the affected foot is 
placed near the extreme of abduction. The shoe of the unin- 
volved, normal foot is placed at 35 degrees of abduction and 
external rotation. The shoes should be placed at shoulder 
width on the bar. 
=" Mounting the shoes on the bar such that the buckle of the 
anterior ankle strap is on the medial aspect of the foot eases 
application of the orthosis (see Fig SD). 
= In cases of unilateral clubfoot, application of the orthosis is 
easier if the affected foot is placed into its shoe first, followed 
by the normal foot. In bilateral cases, one foot is usually 
“tighter” (more resistant to correction or had less correction 
from the tenotomy), and this is the one that should be placed 
in the orthosis first. 
=" The anterior ankle strap secures the foot in the shoe and 
should be tightened sufficiently to prevent pulling the foot out 
of the shoe. The laces should be pulled only tight enough to 
conform the shoe to the foot. Tightening further may cause 
venous congestion and extreme discomfort. 
= If the foot is not secured in the shoe, Plastizote pads should 
be used. Usually a pad placed in the heel of the shoe, posi- 
tioned so that the inferior edge rests just above the posterior 
tuberosity of the calcaneus, is sufficient. 
" If necessary, pads on the tongue and/or under the toes 
may provide further limitations to pulling the foot out of the 
shoe. 
" In some cases, the tongue provides an obstruction to se- 
curing the foot, and removing the tongue may actually 
improve the ability of the strap to secure the foot. 
=" Other modifications that may help prevent pulling out 
include lacing the shoes from the ankle down to the toe, 
slightly decreasing the degree of external rotation of the 
shoes (no less than 45 degrees), or widening the bar slightly 
beyond shoulder width. 
= Only a single, thin pair of socks should be worn with the 
shoes. For the first 1 or 2 days, two socks may be used to pre- 
vent blisters (much like the double-sock method used by run- 
ners), but thereafter only one pair should be used. 
= Thick, well-padded socks prevent adequate securing of 
the foot and make it easier to pull the foot out of the shoe. 
= For the first week, the orthosis and socks should be removed 
with every diaper change to inspect the feet for evidence of 
developing pressure sores. 
" Red spots that do not disappear within 5 minutes signal a 
potential problem spot and require refitting of the shoes 
with Plastizote or repositioning on the bar. 
" Care should be taken to remove the orthosis when the 
child is calm to prevent the child from associating crying 
with subsequent removal, resulting in persistent resistance 
to orthosis wear with unrelenting crying. 
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= After casting, the leg and foot are hyperesthetic. 
" Massaging the leg, initially deeply and progressing to light 
touch, with each diaper change during the first week helps 
with desensitization. 
" The lower leg may also develop intermittent purple discol- 
oration when dependent to gravity after casting. This usu- 
ally resolves over the first month out of casts. 
= After the first week, the orthosis should be worn full time, 
but it may be removed once daily for bathing and a short 
period of play (1 to 2 hours). 
" Full-time wear continues for 3 to 4 months to maintain 
correction. 
= Tighter feet, or those more difficult to correct, may bene- 
fit from periodic stretching in dorsiflexion and abduction 
whenever the orthosis is removed. 
=" Children should be re-examined in and out of the orthosis 
after 1 month, then 2 months later. 
= After 3 months of full-time wear and maintenance of full 
correction, children wear the orthosis only during periods of 
sleep, at nighttime, and during naps. 
" Children should be examined every 3 to 6 months, de- 
pending on the level of concern regarding recurrence, until 
bar and shoe wear is complete. 
= Any episodes of recurrence warrant recasting as soon as 
identified. 
" Casting is performed in the usual manner to obtain com- 
plete correction again. 
" Casting is usually sufficient to correct the recurrence. 
Rarely, a repeat percutaneous tenotomy is necessary for 
more severe recurrence. Once complete correction is again 
obtained, orthosis wear occurs for 3 months full time before 
resuming part-time wear. 
= Straight-last shoes may be worn until the child’s toes curl 
over the edge of the shoe. Then the next appropriate size 
should be fitted and attached to the bar. 
= Part-time wear continues until the child is 4 years old, when 
orthosis wear may be discontinued. Children should be moni- 
tored for recurrence, which occurs rarely after 4 years old. 
=" Complex clubfeet almost always pull out of standard 
straight-last shoes. A variety of newer bar-and-shoe con- 
structs have been developed to address the limitations of cur- 
rent standard orthoses, including one developed by Dr. 
Ponseti (see Fig SD). 


OUTCOMES 


= A corrected clubfoot tends to recur to its original position, 
requiring maintenance of correction in the orthosis. 
Noncompliance with bar-and-shoe wear increases the likeli- 
hood of recurrence to more than 80%. Compliance is in- 
creased with close follow-up and explicit discussions with the 
family and all caregivers.” 

= Twenty percent to 50% of corrected clubfeet will require 
anterior tibialis tendon transfer to correct dynamic varus pres- 
ent during ambulation (see Chap. PE-92). 


COMPLICATIONS 


™" Cast sores, cast saw burns 
= Prolonged casting or pulling back in the cast due to im- 
proper technique, unrecognized clubfoot, or failure to modify 
casting for complex clubfoot 
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=" Overabduction from unrecognized complex clubfoot or 
overabduction in foot abduction orthosis (beyond degree of 
correction) 

= Posterior tibial artery impingement 

= Peroneal artery or lesser saphenous vein laceration during 
tenotomy* 

= Pulling back in cast from poor cast molding, unrecognized 
complex clubfoot, or not enough knee flexion in long-leg cast 
if complex clubfoot 

=" Recurrence due to incomplete correction or lack of orthosis 
wear 
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DEFINITION 


= Clubfoot, or talipes equinovarus, is a congenital or acquired 
deformity in which the foot is stiffly positioned in hindfoot 
equinus and varus, and forefoot varus, supination, and 
plantarflexion.’ 

= When the deformity is not corrected, the patient limps, bear- 
ing weight on the lateral forefoot. This can limit ambulation 
and lead to foot and ankle pain, abnormal calluses, and ulcers 
and infections. 

= The deformity may present as an isolated or syndromic birth 
defect. Clubfoot has been documented in conjunction with di- 
agnoses of polio, spina bifida, cerebral palsy, as well as other 
disorders.” 


ANATOMY 


=" Clubfoot deformity begins as soft tissue imbalance and 
contractures altering the positions predominantly of the talus, 
calcaneus, and navicular, as well as their corresponding 
articulations.” 

= The displacement of these bones differs, producing varying 
amounts of four different positional deformities: cavus, adduc- 
tus, varus, and equinus.” 

= Eventually, the abnormal forces and positions lead to plan- 
tarflexion and medialization of the talar neck.° 

=" Weakness and underdevelopment of the foot and calf to 
varying degrees results.* 

=" While radiographic measurements are hard to reproduce, 
the anteroposterior (AP) and lateral talocalcaneal angles are 
reduced from about 28 degrees to about 5 degrees in children 
with clubfoot.° 


PATHOGENESIS 


= The exact cause of clubfoot remains unknown. Many the- 
ories and their detractors can be found in the literature. The 
cause is probably multifactorial and includes the follow- 
ing; 
" Primary germ plasma defect: Initial investigations into 
multiple cases of clubfoot speculate that the consistent bony 
deformity is caused by primary bone dysplasia. 
" Uterine restriction: A reduced amount of amniotic fluid 
causes limited fetal foot movement and, incidentally, club- 
foot. 
= Bone-joint hypothesis: The cause of the deformity is 
abnormalities or ossification in the bones of the foot. 
" Connective tissue hypothesis: Degeneration in the connec- 
tive tissues of the skeletally immature foot causes clubfoot. 
" Vascular hypothesis: Muscle wasting has been documented 
in most children with idiopathic congenital talipes equino- 
varus. Type 1 fiber predominance and grouping also coin- 
cides with most cases of clubfoot. 


Posterolateral Release for 
the Treatment of Resistant 
Clubfoot 


Richard §. Davidson 


" Neurologic complication: Clubfoot is seen in conjunction 
with a long list of neurologic disorders, including spina bifida, 
anencephaly, hydrencephaly, and so forth. 

" Developmental arrest hypothesis: Due to a noted similarity 
between clubfeet and the embryonic foot at the beginning of 
the second month of fetal development, it has been suggested 
that the maturation of the fetal foot was arrested while under 
genetic control. 

" Genetics: This is the most probable cause, as agreed on by 
many physicians; a family history of talipes equinovarus has 
been documented in a majority of the reported cases. 


NATURAL HISTORY 


= The overall incidence of talipes equinovarus is about one per 
thousand live births but varies with sex and race: it is more com- 
monly seen in boys, and there is a high frequency of affected 
children in Polynesian cultures.° 

=" Untreated, the deformity leads to limping, abnormal calluses 
due to weight bearing on the lateral forefoot, atrophy and 
hypoplasia due to disuse, and pain. 

=" Research has been extensive regarding the appropriate 
approach to treating clubfoot, but few long-term comparative 
studies exist. While in the past century extensive surgery pre- 
dominated, it is now believed that extensive surgical tech- 
niques are necessary in fewer than 5% of cases. 

=" Currently, the most popular treatment of clubfoot follows 
Ponseti’s method, which was not generally accepted until his 
review article of 1992 in which he demonstrated results simi- 
lar to those of more extensive surgery with fewer complica- 
tions. The technique has gained such popularity that most 
pediatric orthopaedists throughout the world are employing 
Ponseti’s basic principles of manipulation, casting, and mini- 
mal operative treatment of the clubfoot. 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


=" The deformity of clubfoot is identified at birth as unilateral 
or bilateral hindfoot equinus and varus and midfoot supina- 
tion, varus, and equinus. 
" To perform the examination, the leg is extended at the 
knee and the foot is then dorsiflexed. The foot-to-tibia angle 
is measured to assess the amount of equinus in the frontal 
plane and the amount of heel varus in the sagittal plane. 
" The dorsolateral aspect of the midfoot is palpated to lo- 
cate the talar head. The forefoot is then manipulated to 
determine if the forefoot can be reduced onto the talar 
head. 
" The lateral rotation of the foot-thigh angle can be assessed 
by flexing the knee and ankle to 90 degrees and gently later- 
ally rotating the foot. The angle is measured. 
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" These examinations do not determine a classification but 
rather the stiffness of the foot and the amount of improve- 
ment attained with serial casting and surgical intervention. 
=" The clinician should investigate associated anomalies, such 
as spina bifida, spasticity, muscular dystrophy, arthrogryposis, 
and so forth. By understanding the cause, the likelihood of 
treatment success can be predicted. 
=" The clinician should observe the shape and size of the foot. 
The clubfoot is generally shorter and wider than a normal foot. 
" Examination reveals equinus and varus of the ankle and 
midfoot. Creases or clefts are seen at the midfoot and 
ankle. Calf atrophy is expected, particularly in the older 
child (FIG 1A-C). 
" Treatment may be altered depending on the presentation 
of the clubfoot. 
=" Range of motion: equinus 


" Ankle motion (dorsiflexion and plantarflexion) is assessed 
in both knee extension and flexion. The os calcis may remain 
in equinus (palpation) even though the heel pad appears 
(observation) to come out of equinus (FIG 1D,E). 

= The foot may “look” as if the equinus is corrected, but the 
physician must palpate it to know for sure. 

Range of motion: subtalar joint 

" Range of motion is difficult to measure. The resting align- 
ment of the heel to the talus is usually varus in the untreated 
clubfoot and 5 to 10 degrees of valgus in the corrected foot. 
The clinician looks at the sole of the foot to observe midfoot 
varus. The sole is manipulated to see how flexible it is 
(FIG 1F,G). 

" Failure to correct the heel into slight varus indicates in- 
complete correction of the clubfoot. Overcorrection of the 
heel into valgus can lead to painful pronation. Residual varus 





FIG 1 Physical examination for clubfoot. A-C. Appearance. D,E. Equinus range of motion (ROM). F,G. Subtalar ROM. 
H. Forefoot ROM. I,J. Forefoot supination. K. Forefoot plantarflexion. (Copyright Richard S. Davidson.) 
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of the lateral border of the foot may be due to subtalar rota- 
tion, varus of the calcaneus, medialization of the cuboid 
on the calcaneus, or varus deformity of the metatarsals. 
Correction may be required at the site of deformity. 

=" Range of motion: forefoot on the talar head 
" The foot is palpated dorsolaterally at the lateral midfoot. 
It usually is lined up with the patella, although plantarflexed. 
Manipulation is used to reduce the forefoot (FIG 1H). 
" The more difficult it is to reduce the forefoot onto the 
talar head, the stiffer the deformity. 

= Forefoot supination 
" The clinician observes that the forefoot of the clubfoot 
appears supinated with respect to the tibia. However, supina- 
tion relates to the position of the forefoot to the hindfoot 
(FIG 11,J). 
" If the forefoot appears 30 degrees to the tibia and there is 
30 degrees to the hindfoot varus, then the deformity is hind- 
foot varus and not supination! 
" It is important to know where this deformity is. Errors in 
this assessment may lead the surgeon to overcorrect the mid- 
foot or surgically create a pronation deformity. 

= Forefoot plantarflexion 
" The physician begins with palpation of the medial column 
from the first metatarsal to the talar head. Plantarflexion of 
the forefoot on the hindfoot is measured. 
= In the operated foot, the physician checks for dorsolateral 
subluxation or dislocation of the navicular on the talar head 
(FIG 1K), 
" Deformity must be corrected where it is. This assessment, 
in conjunction with radiographs, will help to assess its loca- 
tion in the soft tissues, the ankle, the bone, or the joints 
(such as subluxation of the talonavicular joint). 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Sonograms may be used to diagnose clubfoot prenatally.* 
While no prenatal treatment is available, many parents want 
to know the diagnosis of clubfoot so they can learn about the 
natural history and treatment options available to them. 
= The prenatal ultrasonographic diagnosis of clubfoot may be 
made if the bones of the lower leg are in the same plane as the 
plantar surface of the fetal foot. To ensure a correct diagnosis, 
images in which the leg is extended away from the wall of the 
uterus should be obtained.* 

= This deformity may be seen as early as 12 or 13 weeks.* 
= Plain radiographic images in the newborn period add little 
to the physical examination. Films are not reproducible and 
contribute little to the management. 
=" With older children, radiographs may be necessary to treat 
the deformity effectively, as they can identify fixed individual 
bone deformities such as flat-top talus, varus deformity of the 
calcaneus, or dorsolateral subluxation of a triangular navicu- 
lar on the talar head.° 
= The most common images used are those of the talocal- 
caneal angle in both the AP and lateral planes. Both must be 
obtained while bearing weight or simulated weight bearing on 
the affected foot.° 


DIFFERENTIAL DIAGNOSIS 


= Identifying the underlying cause is often helpful. Examination 
should be complete to identify spinal dysraphisms, syndromes, 
cerebral palsy, spina bifida, and so forth. 


NONOPERATIVE MANAGEMENT 


=" Most would claim that extensive surgical techniques are 

necessary in less than 5% of cases. 

=" Two of the major techniques preferred for nonoperative 

treatment: 
" Optimal for very young patients, the Ponseti method uses 
weekly manipulations and cast applications to treat the de- 
formity. About 90% of the patients treated with the Ponseti 
method will need posterior releases, and about 30% will re- 
quire additional surgical management after age 2, including 
repeat posterior release, posteromedial release, and com- 
plete subtalar release. 
= Also used predominantly in newborns, the French method 
incorporates daily manipulation and stimulation of the foot 
muscles with nonelastic adhesive strapping to correct 
clubfoot. 

=" There will always be the recalcitrant clubfoot that resists 

methods such as the Ponseti technique. These cases usually fall 

into the “arthrogrypotic” or “teratologic” category and should 

be treated with the releases described below. 


SURGICAL MANAGEMENT 


= All authors agree that the goal of surgical treatment is first 
to release enough of the tight structures to bring the foot into 
an anatomically correct position without tension. 

=" Many will add that muscles should be balanced to help 
maintain the anatomic position. 


Preoperative Planning 


=" The age of the child will play an important role in what 
must be done to restore anatomic alignment. Generally, soft 
tissue releases are adequate from age 2 months to 4 years and 
in some cases to age 6 years. By the age of 4 years, many of the 
clubfeet are beginning to show bone deformity, which will 
block correction after soft tissue releases alone. 

=" The choice of operative procedure depends on not only the 
age of the patient, but also the degree of rigidity, the deformities 
present, and the extent of correction by previous treatment.° 


Positioning 
= The child is placed on the operating table in the prone position. 
=" The patient is supported using bolsters underneath the 


shoulders and waist. 
= The legs are kept free and the knee is fully extended. 


Approach 


= Surgical release should begin posteriorly and then continue 
medially. These areas should reveal the tightest structures in 
an equinovarus foot. 
= As recommended by Henri Bensahel, often the “a la carte” 
approach is used, in which intraoperative evaluation leads the 
surgeon to release any and all tight structures. The surgeon 
must be prepared to do as little or as much as needed to ac- 
complish anatomic realignment. 
= For each of the soft tissue releases described in Techniques, 
it is important to evaluate each foot after each step of the sur- 
gical release to determine if the anatomy is corrected or if ad- 
ditional release is necessary. 
" The goal is to do as little or as much of a release as will 
place the foot in a corrected position without force. 
" Lengthening tendons and then capsules and ligaments at 
each location will minimize scarring and stiffness. 





WH 652 





Section IX FOOT AND ANKLE 


INCISION 


Turco Posteromedial Incision 


The Turco incision allows for access to the medial and 
posterior portions of the foot (TECH FIG 1). 

The technique begins with a medial incision at the first 
metatarso-medial cuneiform joint. 

The cut is extended proximally until it is just distal to the 
tip of the medial malleolus. 

Care is taken to curve the incision in a vertical direction, 
up the calf to expose the Achilles tendon. 

To reach the lateral side, the subtalar joint must be opened 
like a book, or a separate lateral incision must be made. 


Carroll Medial and Posterolateral 
Incisions 


The Carroll types of incisions allow medial or more pos- 
terolateral access (TECH FIG 2). 

For the medial incision, a triangle is cut that is demar- 
cated by the center of the os calcis, the front of the me- 
dial malleolus, and the base of the first metatarsal. 

The incision is made parallel with the base of the trian- 
gle, then curved proximal-plantar, and then curved dis- 
tally over the dorsum of the foot. 

For the posterolateral incision, an oblique incision is cre- 
ated that runs from the midline of the distal, posterior 
calf to a point between the tendo Achilles and the lateral 
malleolus. 

A lateral incision may be required to reach the lateral 
talonavicular joint. 








TECH FIG 1 « The medial Turco incision. 


Cincinnati Incision (Author's 
Preferred Incision) 






The Cincinnati incision provides the most extensive access 
to the foot, including medial, posterior, and lateral ac- 
cess (TECH FIG 3). 

The incision begins medially over the talonavicular joint, 
extending posteriorly at the level of the subtalar joint. It 
is continued distally to the talonavicular joint laterally 
and may be extended distally on both the medial and lat- 
eral sides. 

The Cincinnati incision is most easily performed with the 
patient prone. Flexing the knee provides excellent access 
to the Achilles tendon for Z-lengthening. 

For severely deformed feet (equinus), closure may be 
difficult. 


TECH FIG 2 e« The Carroll incision. 
A. Medial. B. Posterior. C. Lateral. 


TECH FIG 3 e The Cincinnati incision. 
A. Medial. B. Posterior. C. Lateral. 


POSTERIOR SOFT TISSUE RELEASE 


In the exsanguinated prone foot, the posterior portion 
of the Cincinnati incision is made from the distal tip of 
the medial malleolus around the posterior ankle to the 
distal tip of the lateral malleolus. 

The Achilles tendon sheath is incised to expose the 
Achilles tendon. In a child under 18 months, the tendon 
can be lengthened by tenotomy, but in the older child it 
should be lengthened by Z-lengthening. 

To facilitate visualization for a Z-lengthening of the 
Achilles through the Cincinnati incision, the knee is 
flexed in the prone patient. With the Cincinnati incision, 
the surgeon is looking at the plantar aspect of the foot 
and through the incision and up the calf. 

The Achilles tendon is lengthened in a notch fashion. 
The medial half of the Achilles insertion is released to 
reduce the varus force. Fibrotic bands and tendon sheath 
should also be released. 

If the Achilles lengthening is not sufficient to restore the 
anatomy, the posterior aspects of the subtalar and ankle 
joints are sequentially released. 

The first step is to identify and protect the sural nerve 
and vessels laterally and the posterior tibial neurovascu- 
lar bundle medially. The flexor hallucis is then identified 
posteromedially and protected. The peroneal tendons 
are also identified and protected (TECH FIG 4). 

The ankle capsule is noted and incised from the postero- 
medial to the posterolateral corners to allow dorsiflexion 
of the talus in the mortise. 


MEDIAL SOFT TISSUE RELEASE 


Medial release is undertaken if the posterior release as 
described above does not correct the anatomy. 

First, the posterior portion of the Cincinnati incision is 
extended medially to the medial aspect of the navicular. 
The posterior tibial neurovascular bundle is protected 
while releasing any thickened fascia as well as the flexor 
hallucis, which may have been lengthened through the 
posterior part of the incision. 

The posterior tibial tendon is located just distal to the 
flexor digitorum tendon and is lengthened in notch 
fashion as necessary. 

The abductor hallucis muscle is lengthened proximally or 
distally. The flexor digitorum tendon is identified just 
anterior to the posterior tibial neurovascular bundle and 
lengthened in notch fashion as necessary (TECH FIG 5). 

Deciding whether to lengthen the anterior tibialis tendon 
can be difficult. If the anterior tibialis tendon appears 
contracted on anatomic correction, it should be length- 
ened in a Z-lengthening. Occasionally, the anterior tibialis 
tendon remains overactive and will need to be length- 
ened at a future time. 

A helpful hint for the lengthening of the tendons on the 
medial side of the foot: Each of the ends of the length- 
ened tendons should be tagged with suture, which is 
then held in a color-coded bulldog clamp. Each group of 
the proximal and distal sets of clamps can then be held 
in proper order by a safety pin. This will avoid confusion 
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= The subtalar joint is found and incised posteriorly, then 
medially and laterally to the interosseous ligament. The 
fibulotalar and fibulocalcaneal ligaments can be released 
as needed. 

= This release should allow the ankle joint to dorsiflex at 
least 20 degrees. If the hallux is tightly flexed, the flexor 
hallucis can be lengthened through this incision by Z- 
lengthening. 





TECH FIG 4 e Posterior portion of the Cincinnati incision. The 
Achilles tendon has been cut for lengthening and retracted. 
(Copyright Richard S. Davidson.) 


when it is time to repair the tendons after anatomic 
realignment of the foot is accomplished. 

= Release of the plantar fascia has been recommended in 
the past but is currently avoided since it can contribute to 
later pes planovalgus. Do not release the plantar fascia in 
cases of rocker-bottom deformity during the casting. 

= Care should be taken to avoid injury to the medial plan- 
tar vessels and nerve. 

= If lengthening of these tendons does not permit 
anatomic alignment, follow this addendum: 
=" Identify and release the talonavicular joint. The nav- 

icular is medially displaced on the talar head, making 





TECH FIG 5 e Medial portion of Cincinnati incision, superficial. 
(Copyright Richard S. Davidson.) 
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the talonavicular joint obliquely, rather than trans- 
versely, oriented. 

=" Follow the distal stump of the notch-lengthened pos- 
terior tibial tendon to its insertion on the navicular. 

= The capsule is released medially, plantarly, and dor- 
sally and as far laterally as can be reached safely. Be 
careful not to cut the talar neck, as this may lead to 
avascular necrosis or growth disturbances! 

= Release the subtalar capsule from the talonavicular 
joint to the interosseous ligament medially, including 
the spring ligament. Be careful not to damage the 
deep deltoid ligament. A Freer elevator placed into 
the ankle joint posteriorly can help identify the ankle 
and subtalar joints. 


LATERAL SOFT TISSUE RELEASE 


A problem often occurs when the calcaneus has rotated 
under the talus on the interosseous membrane and is 
tethered by a stiff, fibrotic lateral capsule. If the above 
posterior and medial releases do not permit anatomic 
alignment, a lateral release may be needed. 

The posterior portion of the Cincinnati incision, made for 
the posterior release, is extended laterally at the level of 
the subtalar joint to the talonavicular joint. 

The extensor digitorum brevis is identified over the sinus 
tarsi. Its plantar edge is divided from the lateral calca- 
neus and the muscle is elevated to expose the sinus tarsi 
and neck and head of the talus. 

The lateral capsule of the talonavicular joint is exposed 
and released. A circumferential release of the talonavic- 
ular joint is thus completed (TECH FIG 6). 

The beak of the calcaneus is then palpated. From the lat- 
eral aspect of the talonavicular joint, cut the lateral sub- 
talar capsule, between the beak of the calcaneus and the 
talar neck, proximally to the interosseous ligament, com- 
pleting circumferential release of the subtalar capsule. 


Once the appropriate soft tissues have been released, 
the foot can be realigned. 

A finger is placed over the talar head dorsolaterally 
while the foot is laterally rotated in slight supination. 
This is similar to the Ponseti manipulation. 

A Freer elevator can be placed in the ankle joint in line 
with the dome of the talus (axis of the talus). The foot 


™ Reach the medial aspect of the calcaneocuboid joint 
by carefully dissecting the soft tissues from the plan- 
tar aspect of the talar neck. Release of this capsule 
will allow a wedge opening of the calcaneocuboid 
joint to straighten the lateral column. Another land- 
mark to the calcaneocuboid joint from the medial 
side of the foot is the peroneus longus tendon cross- 
ing from lateral to plantar. 

Many authors have described release of the interosseous 

ligament through this incision. It is important to preserve 

this ligament as a pivot axis and to preserve its associated 

blood supply to the talus. 





TECH FIG 6 e Lateral portion of the Cincinnati incision, 
showing the lateral structures. (Copyright Richard S. Davidson.) 


REALIGNMENT OF THE BONES OF THE FOOT 


should be rotated until the first metatarsal is just lateral 
to the talar dome axis. 

This maneuver should correct the lateral border to 
straight and the heel into slight valgus and reduce the 
talar head under the navicular (the navicular should be 
slightly proud to palpation as in normal feet), without 
wedging open the subtalar joint (TECH FIG 7). 





Chapter 91 POSTEROMEDIAL AND POSTEROLATERAL RELEASE FOR THE TREATMENT OF RESISTANT CLUBFOOT 


TECH FIG 7 « A. Subtalar rotation of the foot. 
The Freer elevator is in the ankle joint and 
demonstrates the alignment of the ankle 
joint. The foot is medially rotated through the 
subtalar joint. B. The reduced foot is held in 
place with a pin through the talonavicular 
joint. Heel is in slight valgus. (Copyright 
Richard S. Davidson.) 





FIXATION 


Holding the foot in the anatomically corrected position 
until the capsules and tendons heal is best done with a 
0.062-inch Kirschner wire, which is passed from the pos- 
teromedial talus through the center of the head and into 
the navicular and the medial cuneiform and out the first 
web space (TECH FIG 8A). 

Intraoperative radiographic images should be obtained 
at this point to confirm that all components of the reduc- 
tion have been obtained (TECH FIG 8B,C). 





All of the joints should be congruous. Wedged-open 
joints may indicate incomplete release of bone defor- 
mity, requiring osteotomy. 

Proper reduction should result in near-normal motion of 
the ankle. The fixation pin restricts the foot motion. 

If division of the interosseous ligament (rarely needed in 
my experience) has been performed, a second pin should 
be placed from the calcaneus into the talus to maintain 
the alignment of the subtalar joint. 





TECH FIG 8 e A. The foot of a prone patient positioned for PA and lateral intraoperative radi- 
ographs. B,C. AP and lateral intraoperative radiographs with internal fixation. On the lateral view 
(C) the talus points into the first metatarsal, and on the AP view (B), the talus points just medial 
to the first metatarsal. (Copyright Richard S. Davidson.) 


REPAIR OF TENDONS 


Once the foot is anatomically aligned, the tendons are 
repaired with the foot at 90 degrees to the tibia. 

Do not repair the tendons until the bones have been 
realigned anatomically. Repairing the tendons at too 
short a length will result in rapid recurrence. 


Capsules and ligaments should not be repaired surgically. 
They will heal. 
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PEARLS AND PITFALLS 





Medial release 


= Failure to lengthen flexor hallucis longus, flexor digitorum longus, and peroneus longus tendon may 


lead to failure to adequately rotate the subtalar joint or to rapid recurrence of deformity. The 
preservation or repair of the tendon sheaths is not of value. As long as all the tethers and blocks to 
motion are removed, a flexible foot and ankle can result. 


Fixation 


= The surgeon should not overreduce the talonavicular joint. Lateral overcorrection will cause valgus 


dorsal overcorrection. This later will cause dorsolateral subluxation with cavus and metatarsus 
adductus; incomplete medial and plantar reduction will cause incomplete correction of equinovarus. 
Plantarflexion of the first metatarsal from the axis of the talus can cause permanent forefoot 
plantarflexion, supination, and hindfoot varus. 


Additional bone issues 


= Severe, stiffly deformed clubfeet may develop bone deformity, which can prevent adequate anatomic 


correction with soft tissue release alone. Posterior soft tissue release will do little for ankle stiffness 
due to flat-top talus. The surgeon should always obtain radiographs preoperatively for these severely 
deformed stiff feet. Metatarsal and talar neck osteotomies are rarely indicated in the young child. 


Turco Incision 


Problems with correction 


= Scar contracture may cause recurrence of equinovarus deformity. 
® Overcorrection can lead to valgus deformity; failure to correct the deformity after such releases is 


likely due to scarring of the lateral structures, which blocks derotation of the subtalar joint. 


POSTOPERATIVE CARE 


= During the first postoperative week, a Jones-type dressing is 
preferred to allow for swelling in children under 6 months of 
age. Bulky dressings and casts are recommended for children 
over 6 months. 

= Ponseti-type casting will help maintain the alignment. Casts 
should be changed at 1 week and continue for 3 months. 

= Braces are helpful for prolonged periods, if recurrence oc- 
curs or underlying neuromuscular disease has been identified. 
= After incisions, wound closure and positioning in equinus 
for 2 weeks allows healing and can be followed by serial cast- 
ing to stretch the soft tissues to dorsiflex the ankle. 

= Pins may be removed after 4 to 6 weeks. 

=" Muscle balancing is better left for a later time, after rehabil- 
itation from extensive surgical release. 


OUTCOMES 


= As noted previously, surgery is usually necessary only with 
the most resistant forms of clubfoot. 

=" Successful results can be obtained in 52% to 91% of cases, 
enabling most children to participate in normal activities.* 

= Stiffness, recurrence, and weakness are common, and no 
treatment known today can correct the underlying neuromus- 
cular causes. 

= The incidence of a poor outcome is higher in children who 
have surgery before 6 months of age. Waiting to treat young 
patients may be beneficial since it allows for growth of the 
anatomy as well as time to fully evaluate the case.’ 

= These children should be referred to centers with the most 
experience. 


COMPLICATIONS 


=" The challenges that this deformity presents ultimately may 
lead to a variety of complications’: 

" Skin slough and wound dehiscence 

= Neurovascular complication 

= Physeal damage 


Osteonecrosis of the talus 

Aseptic necrosis of the navicular 

Failure to achieve or loss of correction 

Overcorrection or undercorrection 

Hindfoot valgus 

Forefoot abduction or adduction 

Calcaneus deformity 

Pes planus 

Persistent equinus 

Heel varus 

Dorsal forefoot subluxation with apparent cavus 

Skew foot 

Dorsal bunion 

Claw toes 

Anesthetic foot 

Sinus tarsi syndrome 

Restricted motion 

Reduced calf girth and foot size 

Recurrence of the deformity 

=" Neuromuscular abnormalities, growth disturbances, and 
simple muscular or mechanical imbalance can lead to recur- 
rence or overcorrection throughout the growth period. 
Stretching, bracing, casting, and even additional surgery may 


be needed. 
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DEFINITION 


= The incidence of residual deformity in congenital clubfoot 
ranges from 26.6% to 50%, regardless of the initial treatment 
provided. 

" The disparity in the reported incidence is due to varying 

severity of clubfoot deformity, different methods of treat- 

ment, and, in part, differing definitions of residual deformity. 
=" Residual deformities include isolated equinus, cavus, metatar- 
sus adductus, forefoot supination, and combinations of the 
above. 
=" Dynamic forefoot adduction and supination can be observed 
after clubfoot treatment with or without soft tissue releases. 
=" Dynamic forefoot supination deformity results from residual 
medial displacement of the navicular on the head of the talus, 
which results in muscle imbalance. In this case, because its in- 
sertion is medially displaced, the anterior tibialis becomes a 
forefoot supinator instead of a dorsiflexor. In addition, defor- 
mity may also occur because the anterior tibialis muscle is rel- 
atively strong in comparison to the peroneal muscles (FIG 1). 
= The aim of treatment is to correct any fixed deformity and 
to rebalance the muscles of the foot, thereby correcting dy- 
namic deformity and improving foot alignment. 


Clubfoot 







Supination 


Tibialis 
anterior 
tendon 





Dorsiflexion Supination 


FIG 1 © Normal foot versus supinated foot. Medial subluxation 
of the navicular, the medial cuneiform, and the first metatarsal 
results in supination deformity as the line of pull of the 

tibialis anterior tendon directs the foot into supination instead 
of dorsiflexion. 


Anterior Tibialis Transfer for 
Residual Clubfoot Deformity 


ee ee ee eee eee >> 
Karen S. Myung and Kenneth Noonan 


ANATOMY 


= The anterior tibialis muscle originates from the upper two 
thirds of the tibia. 
« The anterior tibialis tendon fibers rotate 90 degrees from 
the musculotendinous junction to its insertion on the medial 
cuneiform and first metatarsal. 
" Medial rotation begins proximally, so the most medial 
muscle fibers proximally rotate to the posterior surface of 
the tendon near the midpoint and continue to rotate so that 
their final insertion is as the distal-lateral fibers on the first 
metatarsal. 
" Meanwhile, the most lateral muscle fibers proximally ro- 
tate to the anterior surface at the midpoint and continue dis- 
tally to insert on the cuneiform as the proximal—medial 
fibers (FIG 2).* 
= The anterior tibialis muscle is active in two important stages 
of the gait cycle; it concentrically fires during the initiation of 
swing phase and keeps the foot dorsiflexed during early swing 
phase and then it relaxes. 
" The anterior tibialis muscle then fires eccentrically as the 
foot is lowered to the floor from heel strike to foot flat in 
stance phase. 
=" As a dorsiflexor, the anterior tibialis muscle opposes gravity 
and the strong gastrocsoleus complex. Importantly, the anterior 





FIG 2 © Anatomy of the tibialis anterior muscle-tendon. The an- 
terior tibialis tendon fibers rotate 90 degrees from their muscu- 
lotendinous junction to their insertion on the medial cuneiform 
and the first metatarsal such that the proximal-medial inser- 
tional fibers on the cuneiform begin as the lateral fibers at the 
musculotendinous junction (see window). 
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tibialis muscle may also be a supinator of the forefoot in the 
face of peroneal longus weakness or medial displacement of the 
insertion. 
=" There are important bony abnormalities associated with 
residual clubfoot deformity. 
" The subtalar joint may have an absent anterior facet and 
small, narrow medial and posterior facets, resulting in re- 
stricted subtalar motion. In this setting, the calcaneus does 
not slide fully into valgus with casting such that the navicu- 
lar remains medially displaced. 
" The navicular itself is wedge-shaped and is medially dis- 
placed along with the cuneiforms and metatarsals.'° With 
medial displacement of its insertion, the biomechanical ad- 
vantage favors the action of the anterior tibialis muscle as a 
strong supinator over its role as a dorsiflexor (FIG 3). 


PATHOGENESIS 


= The cause of residual clubfoot deformity may be incomplete 
correction or recurrence of deformity as part of the natural 
history of the resistant clubfoot. 
= Electromyographic studies have demonstrated that the per- 
oneal muscle group can be relatively weaker, thus increasing 
the supinator action of the tibialis anterior muscle.'”’ 
=" Medial subluxation of the navicular was found to be the 
most important factor influencing both the appearance of the 
foot and the lateral rotation of the ankle.’ 
= In addition to the bony abnormalities associated with clubfeet, 
anatomic variations from the customary insertion of the anterior 
tibialis muscle into adjacent areas of the first metatarsal and 
medial cuneiform occur in 10% of pathologic specimens. 
= In these variants, the distal anterior tibialis muscle inserts 
more medially than normal, optimizing the force vector for 
supination.® 


NATURAL HISTORY 


= Residual deformities are usually encountered within the first 
year after initial treatment and generally before the age of 5 
years, even in congenital clubfeet that had been fully corrected 
since the first month of life. 

=" Residual forefoot adduction and supination are the most 
common deformities after nonoperative treatment and can 
also be seen after initial operative repair. They can result from 
undercorrection at the time of the primary intervention.*” 





FIG 3 © Bony abnormalities associated with residual clubfoot 
deformity. The navicular is wedge-shaped and is medially dis- 
placed along with the cuneiforms and metatarsals. 





FIG 4 e Hindfoot varus. When untreated, residual deformity 
may become stiff. When fixed inversion deformity is combined 
with residual equinus deformity, hindfoot varus occurs. 


=" Correction of resistant congenital clubfoot often requires 
more than one surgery, not because of a “failed initial inter- 
vention,” but because of dynamic muscle imbalances that may 
not be fully manifest at the time of the initial intervention. 
Thus, the need for an additional operation can be perceived as 
part of the natural history of congenital clubfoot.'? 
= If left untreated, the dynamic deformity may become stiff 
and the foot tends to invert. 
" When inversion deformity is combined with residual equi- 
nus deformity, hindfoot varus may recur (FIG 4). 


PATIENT HISTORY AND PHYSICAL 
FINDINGS 


= Residual deformity is more likely in patients who have club- 
foot as a result of myelomeningocele or other neuromuscular 
syndromes and genetic disorders such as Larsen syndrome. 
Therefore, it is important to consider neurologic causes, such 
as tethered cord, when confronted with residual deformity. 
=" Recurrent deformity may be found in children with only 
four toes on the affected foot, as these individuals may have 
absence of the peroneal muscle group (similar to that seen in 
fibular hemimelia), thus leaving them prone to recurrence. 
=" One of the first clinical signs of recurrence is a dynamic in- 
version of the foot with slight equinus. Equinus may be diffi- 
cult to quantify as midfoot breech will often accommodate 
and hide the hindfoot equinus (FIG 5). 
= Residual deformity most frequently occurs in severe or atyp- 
ical cases, which are often associated with a small calf size. 
These children may also have short, fat feet with a deep plan- 
tar crease that extends from the medial border to the lateral 
border of the foot and a shortened first ray. These findings are 
consistent with severe or atypical clubfeet that have a propen- 
sity for residual deformity. 
=" In maximum pronation or maximum supination, the nav- 
icular-medial malleolar distance is decreased compared to 
the normal foot. In fact, the medial malleolus can be difficult 
to delineate because it is in contact with the navicular. The 
navicular malleolar distance demonstrates the extent of me- 
dial subluxation. 
= It is important to examine gait when possible. 
" During examination of gait, the clinician should identify 
whether the tibialis anterior is a dynamic supinator; this is best 
observed in swing phase when no antagonist muscles contract. 
= This finding will confirm the appropriateness of surgery. 
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= The strength of the tibialis anterior is tested. With dynamic 
supination deformity, the supinator action of the anterior tib- 
ialis muscle will overpower the dorsiflexor action, thus 
demonstrating the appropriateness of surgery. In addition, 
good power is needed for a successful transfer. 

=" Range of motion of the ankle is examined. Transfer will 
work only as long as there is not a fixed contracture. 

= The clinician should evaluate for other deformities, such as 
equinus, cavus, varus, adductus, and tibial torsion. 


IMAGING AND OTHER DIAGNOSTIC 
STUDIES 


= Anteroposterior (AP) and lateral radiographs may be help- 
ful to study and quantify various deformities. 








FIG 5 ® Examination findings of residual supination and 
equinus deformity. A. Forefoot supination. B. Hindfoot 
equinus. C. Anterior view combined forefoot supination 
and hindfoot equinovarus. D. Posterior view combined 
forefoot supination and hindfoot equinovarus. 


= AP radiographs will demonstrate medial deviation of the 
metatarsals, which can indicate residual medial displacement 
of navicular, which is yet to ossify (FIG 6). 
" On an AP radiograph of normal feet, the line drawn 
through the long axis of the talus should point to the first 
metatarsal, while the line drawn through the long axis of the 
calcaneus should point toward the fourth metatarsal. 
~ In clubfeet, these lines become more parallel, depicting 
“stacking” of the talus and calcaneus. 
" Forced maximum dorsiflexion lateral radiographs may re- 
veal hindfoot equinus with midfoot breech. 
~ Stacking of the metatarsals on the lateral radiograph 
identifies the presence of residual forefoot supination (a 
decreased talocalcaneal angle). 


FIG 6 e Weight-bearing AP and lateral radiographs of feet shown in Figure 5. A. The long axes of the talus and calcaneus are some- 
what parallel rather than divergent. The metatarsals appear adducted in relation to the talus. B,C. The long axis of the talus and 
calcaneus appear somewhat parallel rather than divergent on the lateral view of the right foot. The axes of the talus and the first 
metatarsal do not form a straight line, as opposed to a normal foot. This degree of divergence from this linear alignment represents 
intrinsic deformity of the clubfoot. The metatarsals are stacked on the weight-bearing lateral views. 
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=" Ultrasound evaluation of the foot is not done routinely. 
However, experimental studies have demonstrated that this 
technique is capable of documenting the location of the nav- 
icular in relationship to the head of the talus. The navicular 
is subluxated plantarward and medially on the head of the 
talus. 
= Similarly, magnetic resonance imaging can be performed to 
completely identify the relationships of the cartilaginous bones. 
= Although possible, this technology is rarely clinically used 
as orthopaedists are aware of the classic deformities that are 
associated with recurrence. 


DIFFERENTIAL DIAGNOSIS 


=" Residual deformities in clubfoot may be due to unrecog- 
nized tarsal coalitions or other conditions in severe or atypi- 
cal feet. 

=" Unexpected and rapid recurrent deformity in children with 
previously corrected feet and with known myelomeningocele 
may be a result of continued neurologic involvement, such as 
tethering of the spinal cord. 


NONOPERATIVE MANAGEMENT 


= Treatment of residual deformity depends on the location, 
severity, and age of the child. 
=" Recasting may be considered in children less than 18 
months of age who have residual deformity. 
=" Most residual deformities at this age can be treated by 
Ponseti manipulation, followed by application of a toe-to- 
groin plaster cast with the feet in a fully corrected position 
for 2 weeks. 
" After 2 weeks, the casts are removed and reapplied. 
= Usually three casting sessions are required, for a total of 6 
weeks. 
" Thereafter, abduction bracing is reinstituted. 
" In larger children, ankle-foot orthoses (AFOs) may also 
be used to prevent recurrence. 
= Physiotherapy may also be used in patients with residual 
deformity. The therapist must be familiar with techniques to 
manipulate residual forefoot adductus and posterior con- 
tracture. 
=" In older children and in patients with midfoot breech, it 
can be difficult to effectively stretch any hindfoot equinus 
contracture. 
" With equinus contracture, abduction bracing is difficult. 
" Unbraceable posterior contracture can then lead to recur- 
rent metatarsus adduction and forefoot supination. Thus, a 
repeat percutaneous heel cord tenotomy and casting may be 
required, 


SURGICAL MANAGEMENT 


= In children more than 2 to 3 years of age, it may be prefer- 
able to correct any residual deformity using soft tissue length- 
enings or transfers with or without bony procedures. 

= As the anterior tibialis acts as a supinator, lateral transfer of 
the anterior tibialis tendon is often necessary to correct dy- 
namic supination deformity. 


= The optimal age for lateral transfer of the anterior tibialis 
tendon varies from case to case. 
" Important factors are the rapidity of recurrence, the 
strength of the anterior tibialis muscle, the presence of fixed 
forefoot deformity, or the presence of concurrent equinus 
deformity or cavus. 
= The surgery should be performed after the lateral cuneiform 
ossification center appears (2 to 4 years of age). 
=" The split anterior tibialis tendon transfer (SPLATT) of 
Hoffer® is rarely used in idiopathic clubfeet but is an excel- 
lent method for correcting dynamic supination deformity as 
a result of spasticity associated with disorders such as cere- 
bral palsy. 
" This method may have some utility in children with mild, 
flexible forefoot supination who require surgery for other 
deformity. 


Preoperative Planning 


= Feet with residual deformity should be extensively evaluated 
by clinical and radiographic assessment before surgical plan- 
ning. Each foot should be treated individually, as no single 
treatment plan is appropriate for all feet. 
" Associated deformities must be identified. For example, 
an anterior tibialis transfer will function poorly in the face 
of a fixed equinus contracture. In this case, it will be neces- 
sary to correct equinus deformity with a heel cord tenotomy 
or lengthening or posterior release. 
= Residual varus deformity may indicate the need for an 
opening wedge or sliding calcaneal osteotomy. 
" Persistent metatarsus adductus may necessitate midfoot 
osteotomies in order for the lateral border of the foot to be 
reduced. 
= Anterior tibialis tendon transfer does not correct re- 
stricted subtalar motion. 
= It is important to confirm that the ossific nucleus of the lat- 
eral cuneiform is present in order to place the anterior tibialis 
tendon into an appropriate anchor site. 


Positioning 
= The patient is placed in the supine position on a standard 
operating table or a hand table. 
" Either positioning is done in a way to ensure good fluoro- 
scopic images. 
= A well-padded thigh-high tourniquet should be placed be- 
fore preparing and draping the patient. 


Approach 


=" A medial incision is based over the insertion of the anterior 
tibialis tendon. 

=" From this incision the surgeon may be able to perform an 
opening wedge osteotomy of the medial cuneiform if indicated. 
=" Once the anterior tibialis tendon is detached, a lateral inci- 
sion is based over the lateral cuneiform. 

= Fluoroscopic imaging can assist in planning this incision. 

= The lateral incision may need to be longer and more later- 
ally based should the surgeon decide to perform a cuboid clos- 
ing wedge osteotomy at the same time. 
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FULL ANTERIOR TIBIALIS TENDON TRANSFER TO THE LATERAL 
CUNEIFORM: MODIFIED GARCEAU TECHNIQUE”"' 


Approach 


A 4-cm-long dorsal-medial longitudinal skin incision is 

made over the course of the anterior tibialis tendon from 

the inferior margin of the ankle retinaculum (the supe- 

rior limb of the inferior extensor retinaculum) to its pal- 

pable distal insertion based over the medial cuneiform 

(TECH FIG 1). 

Dissection is carried down through subcutaneous tissues 

and the inferior limb of the inferior extensor retinacu- 

lum to expose the tendon sheath. 

= The anterior tibialis tendon sheath is incised sharply 
and opened as far distally as possible and then proxi- 
mally to just short of the ankle retinaculum. 

A hemostat is placed under the anterior tibialis tendon 

to help expose the insertion. 

=" This broad extensive insertion is detached as far dis- 
tally as possible to gain maximum length of tendon 
for the transfer. 

= [tis critical to obtain as much length as possible. 


Transferring the Tendon 


Once the tendon is freed and detached distally, a strong 

absorbable suture (eg, 1-0 Vicryl) is woven in a Bunnell- 

type fashion through the anterior tibialis tendon. 

=" Care is taken to weave the suture in a fashion that 
does not lead to a bulbous end, thus making the ten- 
don difficult to deliver to the lateral wound and sub- 
sequently pass into the lateral cuneiform. 

= Occasionally, the loose ends of the tendon insertion 
are trimmed or incorporated with a 3-0 absorbable 
suture to facilitate passage and anchoring. 

By pulling on the suture, the tendon is gently pulled dis- 

tally while the soft tissue attachments to the tendon are 

freed up to, but not beyond, the ankle retinaculum. 


" To avoid bowstringing of the tendon, it is important 
not to release the ankle retinaculum. 

A dorsal-lateral longitudinal incision, 1.5 to 2 cm long, is 

made over the lateral cuneiform. 

= The lateral cuneiform is identified just proximal to 
the base of the third metatarsal. 

Dissection is carried down through subcutaneous tissues 

to the toe extensors. 

=" To expose the lateral cuneiform, the toe extensors are 
retracted medially and the extensor digitorum brevis 
muscle is retracted laterally. 

A cruciate periosteal incision is made directly over the 

lateral cuneiform, carefully avoiding the adjacent joint 

articulations. 

=" In young children, a Keith needle is used to fluoro- 
scopically locate the center of the ossific nucleus. 

= In older children, a small periosteal elevator is used to 
elevate the periosteal flaps off the lateral cuneiform. 

™ Occasionally, these flaps may be sutured into the 
transferred tendon, thus supplementing fixation. In 
young children, however, it may be difficult and fu- 
tile to elevate perichondrium from the predominantly 
cartilaginous bone. 

A blunt hemostat is then passed from the lateral incision 

over the lateral cuneiform and under the extensor ten- 

dons to the point where the anterior tibialis tendon 

passes beneath the ankle retinaculum. 

Use the hemostat to develop a tract for the transfer of 

the anterior tibialis tendon. 

The hemostat is passed into this same tract into the medial 

wound to grasp the suture ends and bring the anterior 

tibialis tendon into the lateral wound (TECH FIG 2). 

= Ensure that the available length of the tendon will 
reach the proposed transfer site into the lateral 
cuneiform. 





TECH FIG 1 « A. Two incisions are made. B. The medial incision is made over the 
course of the tibialis anterior tendon. The surgeon frees the tendon from its 
broad insertion as far distally as possible and proceeds proximally as far as the 


ankle retinaculum. 
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Attaching the Transferred Tendon 


A drill bit is selected to be slightly larger than the diam- 

eter of the sutured anterior tibialis tendon end. 

= Once the bit is selected, make a hole directly in the 
center of the lateral cuneiform, drilling just through 
the plantar aspect of the bone (dorsal to plantar 
while aiming for the arch of the foot). 

The suture ends of the tendon are threaded onto Keith 

needles (TECH FIG 3A). 

While the foot is maximally dorsiflexed and everted, the 

suture needles are passed through the lateral cuneiform 

drill hole and out through the plantar aspect of the foot, 

guiding the tendon through the drill hole. 

The tendon is confirmed to easily and reproducibly slide 

Into its new insertion. 

= This is a critical step: be certain that the tendon reli- 
ably enters the anchoring hole after the skin is closed 
when the foot is dorsiflexed and when the suture is 
tensioned. 

The suture needles on the plantar aspect of the foot are 

passed through a nonadhesive dressing (eg, Adaptic) and 

a sterile felt pad. 

At this time it is advisable to irrigate and close all other 

associated wounds, leaving the lateral recipient wound 

for last. 

= This way the surgeon can ensure that the anterior tib- 
ialis is in the intended position just before dressing 
and cast application. 

The periosteum of the lateral cuneiform is sutured with 

two interrupted absorbable sutures to the transferred 

anterior tibialis tendon while it is pulled into the recipi- 

ent site (TECH FIG 3B). 

The lateral wound is irrigated and closed in layers while 

the foot is held in a dorsiflexed position, thus ensuring 


TECH FIG 2 e The freed anterior tibialis tendon is brought 
into the lateral wound. 


that the anterior tibialis remains in the hole and the con- 

tinuity of the periosteal sutures is preserved. 

Sterile dressings are applied while an assistant simultane- 

ously maintains the foot dorsiflexed with tension on the 

suture. 

The distal foot and ankle portion of a toe-to-groin cast is 

applied, while ensuring that the suture ends of the ten- 

don are in tension. 

In the past we have tied the button over the felt under- 

neath the cast. However, a high rate of pressure sores 

has led us to consider alternative fixation. 

=" After the cast is hardened, the suture is tied over a 
button on the exterior of the plantar aspect of the 
cast (TECH FIG 3C). 

= To prevent plantar pressure sores, make sure the plas- 
ter is sufficiently hardened. 

Some surgeons will perform the exact procedure except 

transfer the whole tendon into the cuboid. These sur- 

geons choose this insertion site if the foot has a concur- 

rent fixed forefoot deformity and mild hindfoot varus 

that they choose not to correct. 

=" We prefer to correct the fixed deformity and transfer 
the anterior tibialis into the lateral cuneiform as we 
fear overcorrection from the more lateral insertion 
into the cuboid. 

Some surgeons add a third incision at the anterior dis- 

tal tibia directly over the anterior tibialis tendon and 

just lateral to the tibial crest. The tendon can be easily 

palpated. The tendon sheath is incised here and the 

freed distal tendon end is pulled with a hemostat into 

this incision. From this incision, the freed distal tendon 

end is eventually pulled into the lateral incision for 

attachment. 
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TECH FIG 3 e A. The suture ends of the tibialis anterior 
tendon are threaded onto Keith needles and passed into 
the drill hole through the plantar aspect of the foot. The 
tendon is guided into the drill hole. B. While the foot is 
maximally dorsiflexed and everted, the tendon is secured. 
The periosteum of the third cuneiform is sutured with in- 
terrupted nonabsorbable sutures into the transferred tib- 
lalis anterior tendon. C. The cast is molded and hardened 
with the foot in dorsiflexion and eversion and with the su- 
ture ends under appropriate tension. The suture is tied 
over a button on the exterior of the hardened cast to pre- 





vent plantar pressure sores. 


SPLIT ANTERIOR TIBIALIS TENDON TRANSFER (SPLATT) 
Approach 


A 4-cm-long dorsal-medial skin incision is made over the 

course of the anterior tibialis tendon from the inferior 

margin of the ankle retinaculum (the superior limb of 

the inferior extensor retinaculum) to its palpable distal 

insertion based over the medial cuneiform. 

Dissection is carried down through subcutaneous tissues 

and the inferior limb of the inferior extensor retinacu- 

lum to expose the tendon sheath. 

= The anterior tibialis tendon sheath is incised sharply 
and opened as far distally as possible and then proxi- 
mally to just short of the ankle retinaculum. 

The lateral half of the anterior tibialis tendon insertion is 

detached as far distally as possible to gain maximum 

length of tendon for the transfer. 

=  Astrong absorbable suture (eg, 1-0 Vicryl) is woven in 
a Bunnell-type fashion through the lateral half of the 
anterior tibialis tendon. 


Transferring the Tendon 


The suture is grasped and pulled, allowing the lateral 

tendon to be gently dissected proximally but not beyond 

the ankle retinaculum. 

= To avoid bowstringing of the tendon, it is important 
not to release the ankle retinaculum. 

A dorsal-lateral longitudinal incision, 1.5 to 2 cm long, is 

made over the cuboid in line with the fourth metatarsal 

axis. 

Dissection is carried down through subcutaneous tissues 

to the toe extensors. 

= To expose the cuboid, the toe extensors are retracted 
medially. 

A cruciate periosteal incision is made directly over the 

cuboid, carefully avoiding the adjacent joint articulations. 

An appropriate drill hole is then made in the cuboid, 

drilling dorsal to plantar in line with the fourth metatarsal 

axis and through the plantar aspect of the bone. 
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A blunt hemostat is then passed from the incision over the 

cuboid under the extensor tendons to the point where 

the split anterior tibialis tendon passes beneath the ankle 

retinaculum. 

= Use the hemostat to develop a tract for the transfer 
of the anterior tibialis tendon. 

The hemostat is passed into this same tract into the me- 

dial wound to grasp the suture ends and bring the split 

anterior tibialis tendon into the lateral wound. 

The suture ends of the tendon are threaded onto Keith 

needles. 


Fixation of the Tendon to Bone 


While the foot is maximally dorsiflexed and everted, the 
suture needles are passed through the cuboid drill hole 
and out through the plantar aspect of the foot, guiding 
the tendon through the drill hole. 

The tendon is confirmed to easily and reproducibly slide 
Into its new insertion. 

The suture needles are passed through a nonadhesive 
dressing (eg, Adaptic) and a sterile felt pad. 


The periosteum of the cuboid is sutured with two inter- 

rupted absorbable sutures to the transferred split ante- 

rior tibialis tendon. 

The wounds are irrigated and closed in layers. 

Sterile dressings are applied, while ensuring that the felt 

pad is flush with the plantar skin and the suture ends of 

the tendon are at hand. 

Alternative fixation may include use of suture anchor 

into the cuboid or transfer of the lateral half of the ten- 

don into the peroneus tertius tendon prior to its inser- 

tion into base of the fifth metatarsal.” 

With the standard technique described above, the most 

medial muscle fibers proximally are the ones attached 

to the laterally transferred split tendon, resulting in a 

proximal crossing over as the split tendon is laterally 

transferred. 

=" Fennell and Phillips* suggest releasing the proximal 
medial insertion on the cuneiform instead of the dis- 
tal lateral insertion on the first metatarsal to avoid 
this proximal crossing over, allowing for a more direct 
line of pull of the muscle on the transferred tendon. 





PEARLS AND PITFALLS 





Indications 


= Anterior tibialis transfer will work only as long as there is not a fixed contracture. Flexibility of the foot is 
the main condition for a successful surgical result, because the surgical procedure is based on the dynamic 


muscle imbalance of the forefoot. 


= Use of a tourniquet at 200 to 250 mm Hg will allow easier surgery. 


Positioning 


Tendon harvest = Too short a tendon can make transfer difficult, so the surgeon should obtain as much length as possible. 
= Bowstringing and weakness by inadvertently cutting the extensor retinaculum should be avoided. 
=™ The surgeon should attach a suture to the released tendon to allow ease of handling and passing. This will 


also keep the tendon from fraying as it exits the donor site. 


Tendon fixation 


Wound closure 


= It may be difficult to locate the lateral 
cuneiform in small children. Therefore, 
intraoperative fluoroscopy should be 
available. 

= An absorbable suture is used to hold the 
tendon as it usually dissolves and weakens 
by 6 weeks. 

= Alternative forms of fixation may be con- 
sidered in older children with large bones, 
such as a suture anchor (FIG 7). 


= Overcorrection can be avoided with inser- 
tion of the full tendon transfer along the 
third metatarsal axis. For the split tendon 
transfer, the optimal site for insertion to 
obtain maximal dorsiflexion in biomechani- 
cal studies is along the fourth metatarsal 
axis.” 





FIG 7 ® Intraoperative photo of lateral (recipient) wound. 


Alternative forms of fixation may be considered in older 
children with large bones, such as a suture anchor. 


= All wounds are closed except the recipient site to be sure that the transferred tendon stays in the tunnel. 


Also, the foot is kept in maximum dorsiflexion during final wound closure and casting. A well-trained assis- 


tant is paramount. 


Cast management = Pressure sores on the bottom of the foot can result from too much tension on the button. Therefore, it 


should be placed on the exterior of the cast. 


= Swelling and pressure sores may result if extensive and lengthy procedures are done. In these cases, 
prophylactic dorsal splitting of the cast in the operating room is important. 
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FIG 8 ® Postoperative clinical photograph of patient in Figure 
5. Foot alignment is restored after full-thickness anterior 
tibialis tendon transfer in the right foot. The left foot is shown 
as comparison. 


POSTOPERATIVE CARE 


= In patients under 5 years of age and those who may be non- 
compliant, a toe-to-groin bent-knee cast is maintained with the 
patient non-weight bearing for about 6 weeks. 
" At 6 weeks, the button and suture are removed and the 
patient is allowed to begin walking. 
=" In older children, a short-leg cast for an initial 6 weeks is 
maintained, 
= At 6 weeks, the button is removed and patient is placed in 
a short-leg walking cast for an additional 3 weeks to ensure 
healing and to avoid tendon rupture. 
= Clinical and radiographic assessment of outcomes is per- 
formed at the end of healing. Plain radiographs (standing AP 
and lateral foot radiographs) are usually sufficient. CT exam- 
ination may be obtained if indicated (FIG 8). 


OUTCOMES 


= Successful surgery will be noted by correction of the supina- 
tion deformity and conversion of the anterior tibialis into the 
primary dorsiflexor of the foot. Clinical examination of the 
foot during active dorsiflexion demonstrates the new insertion 
site of the anterior tibialis tendon. 

= Twenty-seven previously treated clubfeet in 25 patients were 
retrospectively evaluated after tibialis anterior tendon transfer 
to correct residual dynamic supination deformity.’ All showed 
active contraction of the transferred tibialis anterior tendon. 
There was no case of overcorrection. 

= Clinical and radiographic improvement in both forefoot ad- 
duction and supination was demonstrated in 71 cases of resid- 
ual dynamic congenital clubfoot deformity treated by full and 


split anterior tendon transfer, with an increase in the eversion 
strength of the tibialis anterior muscle.* 

= Farsetti et al* confirmed the findings of multiple studies, 
demonstrating that transfer of the anterior tibial tendon to the 
lateral cuneiform underneath the extensor retinaculum cor- 
rects and stabilizes relapsing clubfeet by restoring normal 
function of foot dorsiflexion-eversion. In their two series of 
patients reviewed at the end of skeletal growth, none of the op- 
erated patients had further relapse. 


COMPLICATIONS 


Undercorrection 

Cast sores 

Wound infection 

Loosening of the transferred tendon 

Rupture of the transferred tendon 

Bowstring at the anterior ankle joint resulting in weakness 
and a cosmetic deformity 

=" Loss of dorsiflexion force 

=" Overcorrection 
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Page numbers followed by f and t indicated figures and tables, respectively. 


A techniques for, 147-150, 147f, 148f, fibular fracture fixation and, 116 
A1 pulley release 150f imaging, 110-111, 111/ 
congenital trigger thumb correction with, transphyseal-sparing reconstruction, medial malleolar fracture surgical 


341-345 
closure and dressing, 344, 344f 
complications for, 345 
outcomes for, 345 
pearls and pitfalls of, 344 
postoperative care for, 345 
open 
congenital trigger thumb correction with, 
343, 343f, 344f 
ABC. See Aneurysmal bone cyst 
Acetabular exposure 
DDH open reduction and, 479-480, 480f 


Acetabulum 


anatomy, 498 
displacement 
Bernese PAO and, 540-541, 541f 
Chiari medial displacement osteotomy 
and, 531, 531f 
dysplasia, 498 
fixation, Bernese PAO and, 541-542, 541f, 
542f 
pediatric, anatomy of, 515, 516f 
rotation, TIO and, 523, 523f 
TIO and, 515 


Achilles tendon (AT) 


calcaneal lengthening osteotomy and, 588, 
588f 
tenotomy, percutaneous, 643-645, 644f, 
645f, 646f 
Achilles tendon (AT), pediatric 
anatomy, 594, 594f 
deformity, 594 
differential diagnosis of, 595-596 
natural history of, 594 
nonoperative management of, 596 
pathogenesis of, 594 
patient history of, 595 
physical findings of, 595 
surgical management of, 596, 596f, 
597f 
diagnostic studies, 595 
imaging, 595, 595f 
open lengthening of, 594-600 
complications and, 600 
modified sliding, 598, 598f 
outcomes and, 600 
pearls and pitfalls, 599 
postoperative care for, 600 
sliding, 597-598, 597f 
Z-, 598-599, S99f 
ACL. See Anterior cruciate ligament 
ACL reconstruction, for skeletally immature 
patient, 143-151 
complications, 151 
outcomes, 151 
pearls and pitfalls, 150 
physeal-sparing reconstruction, 147-148, 
147f, 148/ 
postoperative care, 151 
surgical management of, 145-146, 146f 


149-150, 150f 
Adductor 
anatomy, 285, 286f 
contractures, 285 
differential diagnosis of, 287 
natural history of, 285 
nonoperative management of, 287 
pathogenesis of, 285 
surgical management of, 287 
lengthening, pediatric, 289, 289f, 
297-300 
completion/wound care and, 300 
complications of, 300 
diagnostic studies for, 297 
differential diagnosis and, 297 
exposure and, 298, 298f 
iliopsoas tenotomy and, 299, 299f 
imaging and, 297 
myotomy and, 298, 298f 
outcomes of, 300 
pathogenesis and, 297 
patient history and, 297 
physical findings and, 297 
postoperative care of, 300 
release, pediatric, 285-290 
complications of, 290 
diagnostic studies for, 287 
imaging and, 287, 287f 
outcomes of, 290 
patient history and, 285-287 
pearls and pitfalls of, 290 
physical findings and, 285-287 
postoperative care of, 290 
psoas lengthening and, 288, 288/, 289f 
Adolescent blade plate fixation. See also 
Fixation 
valgus osteotomy, 556 
Aneurysmal bone cyst (ABC), 320-325 
complications, 325 
definition, 320 
differential diagnosis, 321-322 
imaging, 321, 321f 
natural history, 320 
nonoperative management, 322 
outcomes, 325 
pathogenesis, 320, 320f 
patient history, 320-321 
pearls and pitfalls, 325 
physical findings, 320-321 
postoperative care, 325 


surgical management, 322-324, 322f, 323f, 


324f 
Ankle arthrodesis. See also Arthrodesis 
Ankle fractures, pediatric 
anatomy, 109-110, 109f 
definition, 109 
diagnostic studies, 110-111 
differential diagnosis, 111 
distal tibial fracture surgical management 
and, 113-114, 113f, 114f 


management and, 115, 115f 
natural history, 110 
nonoperative management, 111-112, 112f 
operative management of, 109-118 
complications and, 118 
outcomes and, 118 
pathogenesis, 110 
patient history, 110 
physical findings, 110 
postoperative care, 118 
surgical management, 112 
alternative techniques for, 116 
pearls and pitfalls of, 117, 117f 
techniques for, 113-116, 113f, 114f, 
115f, 116f 
Tillaux fracture surgical management and, 
114, 114/ 
triplane fracture surgical management and, 
115-116, 115f, 116f 


Ankle valgus, pediatric 


anatomy, 279, 279f 

definition, 279 

diagnostic studies, 280 

differential diagnosis, 280-281 

guided growth for, 282, 282f 

hemiepiphysiodesis for, 279-284 
complications of, 283-284, 283f 
medial malleolar screw, 281, 281f 
outcomes of, 283 
pearls and pitfalls of, 283 
postoperative care of, 283 

imaging, 280 

natural history, 279, 280f 

nonoperative management, 281 

osteotomy, supramalleolar, 282 

pathogenesis, 279, 280f 

patient history, 279-280 

physical findings, 279-280 

surgical management, 281 


Anterior cruciate ligament (ACL) 


anatomy, 143 
injuries 
natural history of, 143-144 
pathogenesis of, 143, 143f, 144f 
injuries, skeletally immature patient, 143 
diagnostic studies for, 144-145 
differential diagnosis of, 145 
imaging of, 144-145 
nonoperative management of, 145 
patient history for, 144 
physical findings for, 144 
reconstruction of, for skeletally immature 
patient, 143-151 


Anterior interbody arthrodesis with 


instrumentation 
open thoracic, for scoliosis, 408 
for scoliosis, 406-416 
complications of, 416 
outcomes of, 416 
pearls and pitfalls of, 415 


1-1 


I-2 INDEX 


Anterior interbody arthrodesis with 
instrumentation (continued) 
postoperative care and, 416 
thoracolumbar-lumbar spine, 411-414, 
412f, 413f, 414f, 415/ 
thorascopic, 408-411, 408f, 409f, 410f, 
A11f 
Arthrodesis. See specific types of arthrodesis 
anterior interbody, with instrumentation, 
for scoliosis, 406-416 
Lambrinudi, 579-580, 579f 
Penny’s modified Lambrinudi, 578-579, 
578f, S79f 
posterior, C1-C2, 380-381, 380f, 381f 
Arthroscopic drilling, OCD, pediatric, 
152-157 
complications of, 157 
hinged lesions and, 155, 155f 
intact lesions and, 154-155, 155f 
outcomes of, 157 
pearls and pitfalls of, 156 
postoperative care for, 156-157 
techniques for, 154-156, 155f, 156f 
unstable lesions and, 156, 156f 
Arthroscopic saucerization, discoid lateral 
meniscus, pediatric, 159-160, 159f, 
160f 
Arthroscopy. See also specific types of 
arthroscopy 
elbow 
OCD, pediatric, 119-123, 121f, 122f 
Panner’s disease, pediatric, 119-123, 
121f, 122 
ORIF assisted, tibial spine fracture, 
pediatric, 136-141, 138f, 139f, 140f 
AT. See Achilles tendon 
Atlas, 374, 375f 
Axis, 374, 375f 


B 
Back. See also Spinal cord 
Beak triple arthrodesis, 580, 580f 
Benign bone cysts, pediatric, 320-325 
complications, 325 
definition, 320 
differential diagnosis, 321-322 
imaging, 321, 321f 
natural history, 320 
nonoperative management, 322 
outcomes, 325 
pathogenesis, 320, 320f 
patient history, 320-321 
pearls and pitfalls, 325 
physical findings, 320-321 
postoperative care, 325 
surgical management, 322-324, 322f, 323f, 
324 
Bernese PAO 
pediatric, 534-543 
acetabular displacement and, 540-541, 
S41f 
acetabular fixation and, 541-542, 541f, 
542 
anatomy and, 534 
complications of, 543 
deep dissection for, 536-537, 536f, 537f 
definition of, 534 
diagnostic studies and, 534-535 
imaging and, 534-535, 535f 
natural history and, 534 
nonoperative management and, 535 
osteotomy techniques and, 537-540, 
537f, 538f, 539f, 540f 


outcomes of, 543 


pathogenesis and, 534 
patient history and, 534 
pearls and pitfalls of, 542 
physical findings and, 534 
postoperative care of, 543 
superficial dissection for, 536 
surgical management and, 535-536, 536f 
wound closure and, 542 
Blade plate fixation 
adolescent, valgus osteotomy, 556 
Blount’s disease 
anatomy, 205 
definition, 205 
diagnostic studies, 205-206 
differential diagnosis, 206 
imaging, 205-206, 205f 
natural history, 205 
nonoperative management, 206 
pathogenesis, 205 
patient history, 205 
physical findings, 205 
surgical management, 205-211 
complications of, 211 
outcomes of, 211 
pearls and pitfalls of, 211 
postoperative care for, 211 
techniques for, 207-211, 208f, 209f, 210f 
Bone graft harvesting. See also Graft 
harvesting 
Bone grafting 
calcaneal osteotomy and, 589-590, 589f, 
S90f 
Salter innominate osteotomy and, 494-495, 
494f, 495f 
Boyd amputation, fibular deficiency, 
pediatric, 270-278 
complications of, 278 
outcomes of, 277-278 
pearls and pitfalls of, 277 
postoperative care of, 277, 278f 
techniques of, 276-277, 276f, 277f 
Bunion, juvenile 
anatomy, 608 
definition, 608 
diagnostic studies, 608-609 
differential diagnosis, 609 
imaging, 608-609, 608f 
natural history, 608 
nonoperative management, 609 
pathogenesis, 608 
patient history, 608 
physical findings, 608 
surgical correction of, 608-611 
complications for, 610-611 
Mitchell bunionectomy for, 609, 610f 
outcomes for, 610 
pearls and pitfalls for, 610 
postoperative care for, 610 
surgical management, 609 
Butler procedure for overlapping fifth toe, 


612-613, 613/ 


C 
C1-C2 
arthrodesis, posterior, 380-381, 380f, 381f 
posterior cervical arthrodeses, 374-382 
Calcaneal lengthening osteotomy, hindfoot 
valgus deformity, 583-592 
AT/gastrocnemius lengthening in, 588, 588/ 
bone graft interposition and, 589-590, 
S89f, 590f 
complications of, 592 
exposure in, 587-588, 587f 
lateral soft tissue release and, 587-588, 587f 


medial cuneiform osteotomy and, 591, 591f 
medial soft tissue plication and, 590, 590f 
medial soft tissue plication 
exposure/plication in, 588, 588f 
outcomes of, 592 
pearls and pitfalls of, 591 
postoperative care of, 592, 592f 
Calcaneal osteotomy 
cavus foot, 622-623, 622f, 623f 
Calcaneonavicular coalition, pediatric 
anatomy, 625, 625f 
definition, 625 
diagnostic studies, 625 
differential diagnosis, 626 
natural history, 625 
nonoperative management, 626 
pathogenesis, 625 
patient history, 625 
physical findings, 625 
resection of, 625-629 
complications in, 628 
incision/dissection in, 626, 626f, 627f 
interposition of fat graft for, 628, 628f 
outcomes for, 628 
pearls and pitfalls in, 628 
postoperative care for, 628 
techniques for, 627, 627f 
wound closure for, 628 
surgical management, 626, 626f 
Capsulorrhaphy 
DDH open reduction and, 480 
Cavus deformity 
Beak triple arthrodesis for, 580, 580f 
Cavus foot, pediatric 
anatomy, 614, 614, 615f 
definition, 614, 614f 
diagnostic studies, 616-617 
differential diagnosis, 617 
imaging, 616-617, 616f 
natural history, 615-616 
nonoperative management, 617 
pathogenesis, 614, 615f 
patient history, 616 
physical findings, 616 
surgical management, 617-618, 617f, 618f 
surgical treatment of, 614-624 
calcaneal osteotomies for, 622-623, 
622f, 623f 
complications in, 624 
medial column osteotomy in, 619-620, 
619f, 620f 
midfoot osteotomy for, 621-622, 621f, 
622f 
modified Jones procedure for, 620-621, 
620f, 621f 
outcomes for, 624 
pearls and pitfalls in, 623, 623f 
plantar release in, 618, 619f 
postoperative care for, 624 
CDK. See Congenital dislocation of knee 
Cerebral palsy (CP), 162 
ambulatory child with 
differential diagnosis of, 292 
natural history of, 301 
nonoperative management of, 292 
patient history and, 302 
physical findings, 302 
surgical management of, 293 
diagnostic studies and, 292, 292f 
distal hamstring and, 301-303 
differential diagnosis for, 303 
nonoperative management for, 303 
surgical management of, 303 
gait patterns, 291-292, 292f 
diagnostic studies for, 302-303, 302f 


distal hamstring and, 301 
imaging for, 302-303, 302f 
imaging and, 292, 292f 
natural history, 291 
pathogenesis, 291, 301 
rectus femoris transfer for, pediatric, 


291-296 


lateral entry pin technique for, 29, 30f 
natural history and, 25 

nonoperative management for, 26 
outcomes, 32 

pathogenesis, 25 

patient history and, 25-26 

pearls and pitfalls, 32 


INDEX I-3 


tibialis transfer for, anterior, 657-665 
complications of, 665 
full, 661-662, 661f, 662/, 663f 
outcomes of, 665 
pearls and pitfalls of, 664, 664/ 
postoperative care of, 665, 665f 
split, 663-664 





physical findings and, 25-26 
postoperative care for, 32 

surgical management for, 26-28, 28f 
techniques for, 28-31, 29f, 30f, 31f 


Closed reduction and percutaneous screw 


CMT. See Congenital muscular torticollis 
Completion osteotomy, 540, 540f 
Congenital dislocation of knee (CDK) 
anatomy, 199 
definition, 199, 199f 


spinal deformity and, 423 
thumb-in-palm deformity in, correction of, 
333-340 
CFD, femoral lengthening of type 1, 
193-195, 193f, 194f, 195f 


Chiari medial displacement osteotomy. 
See also Osteotomy 
definition, 527, 527f 
diagnostic studies for, 528-529 
differential diagnosis and, 529 
imaging for, 528-529, 528f 
natural history and, 528 
nonoperative management and, 529 
pathogenesis and, 528 
patient history and, 528 
of pelvis, 527-533 
acetabular displacement and, 531, 531f 
complications, 532 
exposure and, 529-530, 529f, 530f 


osteotomy fixation and, 531, 531f, 532f 
osteotomy techniques for, 530-531, 530f 


outcomes, 532 
pearls and pitfalls, 532 
postoperative care, 532 
wound closure and, 532 
physical findings and, 528 
surgical management and, 529 
Closed reduction 
femur fractures, pediatric, 70-73 
complications of, 73 
outcomes of, 73 
pearls and pitfalls of, 72-73 
postoperative care of, 73, 73t 


radial head/neck fractures, pediatric, 33-40 


techniques for, 36-37, 36f, 37f 
Closed reduction and external fixation, 
femoral shaft fractures, pediatric, 
74-80 


AO/SYNTHES technique for, combination 


clamp, 76-77, 77f 
AO/SYNTHES technique for, modular 
rame, 78, 79f 
AO/SYNTHES technique for, multipin 
clamps, 77-78, 78f 
complications and, 80 
diagnostic studies for, 74 
EBI DFS XS fixator technique for, 75-76, 
75f, 76f 
imaging for, 74, 74f 
outcomes and, 80 
pearls and pitfalls for, 79 
postoperative care for, 79f, 80 
Closed reduction and percutaneous fixation 
hip fractures, pediatric, 65-66, 65f, 66f 
Closed reduction and percutaneous pinning 
distal femoral physeal fracture, pediatric, 


93-94, 93f, 94f 


eh 








ORIF of displaced lateral condyle fractures 


of humerus, pediatric, 13, 13f 
supracondylar fractures of humerus, 
pediatric, 25-32 
anatomy, 25, 26f 
closed-pin technique for, 31, 31f 
complications, 32 
definition, 25 
diagnostic studies, 26, 27f 
differential diagnosis, 26 
imaging for, 26, 27f 


fixation, distal femoral physeal 
fracture, pediatric, 95, 95f 


Clubfoot, 636 


Achilles tenotomy for, percutaneous, 
643-645, 644f, 645f, 646f 

anatomy, 636, 637f, 649 

complex, correcting, 642-643, 642f, 643f 

definition, 649 

diagnostic studies, 637, 651 

differential diagnosis, 637, 651 

imaging, 637, 638f, 651 

natural history, 636, 649 

nonoperative management, 637-639, 638f, 
639f, 651 

pathogenesis, 649 

patient history, 636-637, 637f, 649-651, 
650f 

physical findings, 636-637, 637f, 649-651, 
650f 

Ponseti casting for, 640-641, 640f, 641f 

surgical management, 639, 651 


Clubfoot, resistant 


posterolateral release for treatment of, 

649-656 

complications in, 656 

fixation in, 655, 655f 

incision in, 652, 652f 

lateral soft tissue release and, 654, 654f 

medial soft tissue release and, 653-654, 
653f 

outcomes and, 656 

pearls and pitfalls in, 656 

posterior soft tissue release and, 653, 
653f 

postoperative care and, 656 

realigning bones of foot in, 654, 655f 

repair of tendons in, 655 

posteromedial release for treatment of, 

649-656 

complications in, 656 

fixation in, 655, 655f 

incision in, 652, 652f 

lateral soft tissue release and, 654, 654f 

medial soft tissue release and, 653-654, 
653f 

outcomes and, 656 

pearls and pitfalls in, 656 

posterior soft tissue release and, 653, 653f 

postoperative care and, 656 

realigning bones of foot in, 654, 655f 

repair of tendons in, 655 


Clubfoot deformity, residual 


anatomy, 657-658, 657f, 658f 
definition, 657, 657f 

diagnostic studies, 659-660 
differential diagnosis, 660 
imaging, 659-660, 659f 

natural history, 658, 658f 
nonoperative management, 660 
pathogenesis, 658 

patient history, 658-659, 659f 
physical findings, 658-659, 659f 


surgical management, 660 


diagnostic studies, 200 
differential diagnosis, 200 
extensile reconstruction, 202-203, 203f 
imaging, 200, 200f 
natural history, 199 
nonoperative management, 200, 200f 
pathogenesis, 199 
patient history, 199-200, 199f 
physical findings, 199-200, 199f 
surgical management, 200-201, 201f 
surgical repair of irreducible, 199-204 
complications and, 204 
mini-open quadriceps tenotomy and, 
201-202, 202f 
outcomes and, 204 
pearls and pitfalls of, 203 
percutaneous quadriceps recession and, 
201, 201f 
postoperative care and, 204 


Congenital femoral deficiency, pediatric 


anatomy, 177, 178f 
definition, 177 
diagnostic studies, 179 
differential diagnosis, 179 
imaging, 179, 180f 
natural history, 177 
nonoperative management, 180, 180f 
pathogenesis, 177 
patient history, 177-179 
physical findings, 177-179 
surgical management, 180-182, 181/, 182/ 
treatment of, 177-198 
complications and, 197-198 
femoral lengthening of type 1 CFD and, 
193-195, 193f, 194f, 195f 
outcomes and, 197 
pearls and pitfalls, 195 
postoperative care for, 196-197 
superhip procedure for, 183-187, 184f, 
185f, 186f, 187f 
superknee procedure for, 188-192, 188f, 
189f, 190f, 191f, 192f 
techniques for, 183-195 


Congenital muscular torticollis (CMT), 


367-368 
differential diagnosis, 369 
natural history, 368 
nonoperative management, 369 
pathogenesis, 367-368 
patient history, 368-369 
physical findings, 368-369, 368f 


surgical management, 369-370 


Congenital pseudarthrosis, tibial 


anatomy, 226 

definition, 226 

diagnostic studies, 226-227 
differential diagnosis, 227 
imaging, 226-227, 227f 
natural history, 226 
nonoperative management, 227 
pathogenesis, 226 

patient history, 226, 226f 
physical findings, 226, 226f 
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Congenital pseudarthrosis (continued) 
surgical management, 227, 228f 
iliac crest bone graft and, 228 
preparation of fibula and, 229 
preparation of tibia and, 228, 229f 
techniques for, 228-230, 229f, 230f 
Williams rod and repair of, 226-232, 230f, 
231. 
complications and, 232 
outcomes and, 232 
pearls and pitfalls, 231, 231f 
postoperative care for, 231-232, 232f 
Congenital trigger thumb 
A1 pulley to correct, release of, 341-345 
closure and dressing, 344, 344f 
complications for, 345 
exposure and, 343, 343f 
open, 343, 343f, 344f 
outcomes for, 345 
pearls and pitfalls, 344 
postoperative care for, 345 
anatomy, 341 
definition, 341 
diagnostic studies, 342 
differential diagnosis, 342 
imaging, 342 
natural history, 341 
nonoperative management, 342 
pathogenesis, 341 
patient history, 341-342, 342f 
physical findings, 341-342, 342f 
surgical management, 342-343 


Contractures 


adductor, 285 
differential diagnosis of, 287 
natural history of, 285 
nonoperative management of, 287 
pathogenesis of, 285 
surgical management of, 287 
iliopsoas 
differential diagnosis of, 287 
nonoperative management of, 287 
surgical management of, 287 
psoas, 285 
natural history of, 285 
pathogenesis of, 285 
thumb-in-palm deformity and release of, 
336, 336f, 337f 
Coxa vara, developmental 
anatomy, 552 
definition, 552 
diagnostic studies, 553, 553f 
differential diagnosis, 553-554 
imaging, 553, 553f 
natural history, 552, 552f 
pathogenesis, 552 
patient history, 552-553 
physical findings, 552-553 
surgical management, 554 
valgus osteotomy for, 552-556 
adolescent blade plate fixation for, 556 
complications of, 556 
exposure and, 554 
multiple Kirschner wire fixation for, 554, 
55 5f 
outcomes of, 556 
pearls and pitfalls of, 556 
postoperative care of, 556 
Wagner plate fixation for, 555, 555f 
CP. See Cerebral palsy 
Crouch gait, pediatric 
anatomy, 314 
definition, 314 
diagnostic studies, 315 
differential diagnosis, 315 


distal femoral osteotomy for, 314-319, 315f 
complications of, 319 
extension, 316-317, 316f 
outcomes of, 318-319 
patellar advancement and, 317, 317f 
pearls and pitfalls of, 318 
postoperative care of, 318, 319f 
tibial tubercle advancement and, 318, 318/f 

imaging, 315, 315f 

natural history, 314 

nonoperative management, 315 

pathogenesis, 314 

patient history, 314-315 

physical findings, 314-315 

surgical management, 315-316, 315f 

Cubitus varus, pediatric, supracondylar 
humeral osteotomy for correcting, 
50-54 

anatomy and, 50 

complications of, 54 

definition of, 50 

diagnostic studies for, 50 

exposure and, 52, 52f 

imaging for, 50, S1f 

natural history and, 50 

nonoperative management for, 50 

osteotomy closure/fixation and, 52, 53f 

outcomes of, 54 

pathogenesis of, 50 

patient history and, 50 

pearls/pitfalls of, 53 

physical findings and, 50 

postoperative care of, 53, 54f 

surgical management for, 50-51, 51f 

techniques for, 52-53, 52f, 53f 

wound closure and, 53 

Cuneiform osteotomy, medial, 591, 591f 


D 
DDH. See Developmental dislocation of hip 
Decompression 
for spondylolisthesis, high-grade, 455-462 
Dega pericapsular osteotomy, 498-506, 498f 
anatomy and, 498 
complications of, 506 
diagnostic studies, 499 
differential diagnosis and, 499 
imaging and, 499, 499f 
incision/superficial exposure and, 500, 501f 
natural history and, 499 
nonoperative management and, 500 
outcomes of, 506 
pathogenesis and, 498-499 
patient history and, 499 
pearls and pitfalls of, 506 
physical findings and, 499 
postoperative care of, 506 
surgical management and, 500, 500f 
techniques for, 503-505, 503f, 504f, 505f 
Developmental dislocation of hip (DDH). 
See also Hip dislocation 
anatomy and, 468, 468/, 477 
definition, 468, 477 
diagnostic studies, 470-471, 477-478 
differential diagnosis, 471 
imaging, 470-471, 470f, 477-478, 478f 
natural history, 469, 477 
nonoperative management, 471, 471f, 478 
open reduction for, anterior approach to, 
468-476 
anterior hip exposure and, 472-473, 
A72f, 473f 
complications of, 476 
outcomes of, 476 


pearls and pitfalls of, 475-476 
postoperative care of, 476 
proximal femoral shortening osteotomy 
and, 474-475, 475f 
techniques, 473-474, 473f, 474f 
open reduction for, medial approach to, 
477-482 
capsulorrhaphy and, 480 
capsulotomy/acetabular exposure and, 
479-480, 480f 
casting and, 481, 481/ 
closure and, 480 
complications of, 482 
deep dissection and, 479, 479f 
hip reduction and, 480 
incision/initial dissection and, 478, 479f 
outcomes of, 482 
pearls and pitfalls of, 481 
postoperative care of, 481-482, 481f 
pathogenesis, 468-469, 469f, 477 
patient history, 469-470, 477 
physical findings, 469-470, 469f, 477 
Salter innominate osteotomy, 492 
surgical management, 471, 471/, 478 


Diaphyseal defect, spondylolisthesis, 


high-grade and routine revision 
without, 458-461, 459f, 460f, 461f 


Discoid lateral meniscus, pediatric 


anatomy, 158 

definition, 158 

diagnostic studies, 158 

differential diagnosis, 159 

imaging, 158, 158f 

meniscoplasty, 158-161 
alternative techniques for, 160, 160f 
arthroscopic saucerization and, 159-160, 

159f, 160f 

complications of, 161 
pearls and pitfalls of, 160 
postoperative care for, 161 
techniques, 159-160, 159f, 160f 

natural history, 158 

nonoperative management, 159 

pathogenesis, 158 

patient history, 158 

physical findings, 158 

surgical management, 159 


Displaced lateral condyle fractures of 


humerus, pediatric, ORIF, 10-16 
anatomy of, 10, 10f, 11f 
closed reduction/percutaneous pinning for, 
133.137 
complications of, 16 
definition of, 10 
diagnostic studies and, 11, 12/ 
differential diagnosis and, 11 
exposure and, 14, 14f 
fixation and, 15, 15f 
fracture reduction and, 14-15, 14f 
imaging and, 11, 12f 
natural history of, 10-11 
nonoperative management of, 11-12 
outcomes of, 16 
pathogenesis of, 10 
patient history and, 11 
pearls and pitfalls, 15 
physical findings and, 11 
postoperative care for, 16 
surgical management of, 12-13, 12f 
techniques for, 13-15, 13f, 14f, 15f 


Distal chevron osteotomy. See also Osteotomy 
Distal femoral osteotomy. See also Femoral 


osteotomy 
crouch gait, pediatric, 314-319, 315f 
complications of, 319 


extension, 316-317, 316f 
outcomes of, 318-319 
patellar advancement and, 317, 317f 
pearls and pitfalls of, 318 
postoperative care of, 318, 319f 
tibial tubercle advancement and, 318, 318f 
Distal femoral physeal fractures, pediatric, 
91-96 
anatomy, 91, 92f 
closed reduction and percutaneous pinning 
for, 93, 93f, 94f 
closed reduction and percutaneous screw 
fixation for, 94, 95f 
definition, 91, 91f 
diagnostic studies, 91 
differential diagnosis, 92 
imaging, 91, 92f 
natural history, 91 
nonoperative management, 92 
ORIF for, 95, 95f 
pathogenesis, 91 
patient history, 91, 92f 
physical findings, 91, 92f 
postoperative care, 96 
surgical management, 92-93, 93f 
complications of, 96 
outcomes of, 96 
pearls and pitfalls of, 96 
techniques for, 93-95, 93f, 94f, 95f 
Distal femur 
percutaneous, epiphysiodesis, 213-218 
Distal hamstring, pediatric 
anatomy, 301 
CP and, 301-303 
differential diagnosis for, 303 
nonoperative management for, 303 
surgical management of, 303 
lengthening, 301-308 
complications of, 307-308 
lateral hamstring and, 305, 305f 
medial hamstring and, 304, 304f 
medial hamstring and, fractional 
lengthening of, 305-306, 305f, 306f 
medial hamstring and, transfer of, 306, 
306f 
outcomes of, 307 
pearls and pitfalls of, 307 
postoperative care of, 307 
Distal tibia 
deformities, pediatric, 251 
Distal tibial angle (DTA), deformity, 251-252 
differential diagnosis of, 252 
nonoperative management of, 252 
surgical management of, 252-254, 253f 
Distal tibial fractures, pediatric, Salter-Harris 
type I and II, surgical management 
of, 113-114, 113f, 114f 
Distal tibial osteotomy, pediatric, 251-258. 
See also Osteotomy 
anatomy and, 251 
anterior approach to, 254 
closing wedge osteotomy, 254-255, 255f, 
256f 
complications, 257 
definition and, 251 
diagnostic studies, 252 
differential diagnosis and, 252 
hemiepiphysiodesis and, 257, 257f 
imaging, 252, 252f 
medial approach to, 254, 254f 
natural history and, 251 
oblique supramalleolar opening, 254-255, 
255f, 256f 
outcomes, 257 
pathogenesis and, 251 


patient history and, 251-252 
pearls and pitfalls of, 257 
physical findings and, 251-252 
postoperative care for, 257 
techniques for, 254-257, 254f, 255f, 256f, 
257f 
transverse supramalleolar osteotomy with 
translation for, 256 
Wiltse osteotomy and, 256 
Distal upper extremity injuries. See also 
Upper extremity surgery 
Distraction osteogenesis, 233 
Dorsal plate fixation. See also Plate fixation 
Drainage, anterior, septic hip, pediatric, 
483-491 
anterior lateral approach to, 489, 489f 
complications for, 490, 491f 
direct anterior approach to, 488, 488f, 489f 
outcomes for, 490, 490f 
pearls and pitfalls for, 490 
postoperative care for, 490 
Smith-Peterson anterior approach to, 
modified, 487, 487/, 488f 
DTA. See Distal tibial angle 
Duval telescoping nailing of long bones, OI, 
259-268 
complications of, 268 
outcomes of, 268 
pearls and pitfalls of, 268 
postoperative care for, 268 
techniques for, 263-266, 263f, 264f, 265f, 
266f 
Dynamic external fixation. See also External 
fixation 
Dysplasia 
acetabular, 498 
developmental, 468 
hip, pediatric, 515-516, 518-519 
pelvic, 527 


E 
Early-onset scoliosis (EOS). See also Scoliosis 
anatomy, 433 
definition, 433 
diagnostic studies, 434-435, 434f, 435f 
differential diagnosis, 435-436 
growing rod instrumentation for, 433-440 
complications of, 440 
outcomes of, 440 
pearls and pitfalls of, 440 
postoperative care and, 440 
techniques and, 437-440, 438/, 439f 
imaging, 434-435, 434f, 435f 
natural history, 433 
nonoperative management, 436, 436f 
pathogenesis, 433 
patient history, 433-434 
physical findings, 433-434 
surgical management, 436 
EOS. See Early-onset scoliosis 
Epiphysiodesis 
anatomy and, 213 
complications, 218 
definition, 213 
diagnostic studies, 214 
imaging for, 214 
natural history, 213 
outcomes, 217-218 
pathogenesis, 213 
patient history and, 213-214 
pearls and pitfalls, 217 
percutaneous, limb deformity corrected 
with, 249 
percutaneous distal femoral, 213-218 
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physical findings and, 213-214 

postoperative care, 217, 217f 

proximal tibial, 213-218 

surgical management with, 214 
Equinovarus deformity, 601 
Equinus, 309 
Extensile reconstruction, CKD, 202-203, 203f 
External fixation. See also Closed reduction 

and external fixation 

tibial fractures, pediatric, 99-100, 100f 

Extosis excision, 358, 358f, 359f 


F 
Fassier-Duval telescoping nailing, OI, 
techniques for, 263-266, 263f, 264f, 
265f, 266f 
FCU. See Flexor carpi ulnaris 
Femoral anteversion, 162, 162f 
diagnostic studies, 163, 163f 
differential diagnosis, 163 
imaging, 163, 163f 
natural history, 162 
nonoperative management, 163 
patient history, 162-163, 163f 
physical findings, 162-163, 163f 
surgical management, 163-164, 164f 
Femoral osteotomy. See also Osteotomy 
proximal shortening, DDH open reduction 
and, 474-475, 475f 
Femoral physis, epiphysiodesis of, 215-216, 
215f, 216f 
Femoral shaft fractures, pediatric 
anatomy, 74, 81 
closed reduction and external fixation of, 
74-80 
AO/SYNTHES technique for, 
combination clamp, 76-77, 77f 
AO/SYNTHES technique for, modular 
frame, 78, 79f 
AO/SYNTHES technique for, multipin 
clamps, 77-78, 78f 
complications and, 80 
diagnostic studies for, 74 
EBI DFS XS fixator technique for, 
7576-751. 16h 
imaging for, 74, 74f 
outcomes and, 80 
pearls and pitfalls for, 79 
postoperative care for, 79f, 80 
definition, 74, 81 
differential diagnosis, 74, 81 
IMN, flexible of, 81-85 
complications and, 85 
diagnostic studies for, 81 
imaging for, 81, 81f 
outcomes and, 84 
pearls and pitfalls, 84 
postoperative care for, 84 
retrograde, 82-83, 83f, 84f 
nonoperative management, 74, 82 
pathogenesis, 74, 81 
patient history, 74, 81 
physical findings, 74, 81 
submuscular plating of, 86-89 
complications and, 89 
implant selection/preparation for, 86-87, 
87f 
internal fixation for, 87-88, 87f, 88f 
outcomes for, 89 
pearls and pitfalls, 89 
postoperative care for, 89 
provisional reduction for, 86, 86f 
surgical management, 74-75, 82, 82f, 86 
Femoroacetabular impingement (FAI), 544 
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Femur. See also Congenital femoral 
deficiency, pediatric 
lengthening of 
Ilizarov method for, 239-240, 240f 
monoplanar fixator for, 240-241, 241f 
SCFE and, 544 
valgus osteotomy of 
cannulated blade plate for, 560-561, 
560f, 561f 


noncannulated blade plate for, 561-562, 


561f, 562f 
Femur fractures, pediatric. See also Distal 
femoral physeal fractures, pediatric 
anatomy, 70 
closed reduction for, 70-73 
complications of, 73 
outcomes of, 73 
pearls and pitfalls of, 72-73 
postoperative care, 73, 73t 
definition, 70 
diagnostic studies, 70 
differential diagnosis, 70 
imaging, 70, 71f 
nonoperative management, 71 
pathogenesis, 70 
patient history, 70 
physical findings, 70 
spica casting for, 70-73 
complications of, 73 
outcomes of, 73 
pearls and pitfalls of, 72-73 
postoperative care, 73, 73t 
traditional, 71-72, 71f, 72f 
walking, 72, 72f 
surgical management, 71 
techniques for, 71-72, 71f, 72f 
Fibula 
congenital pseudarthrosis, tibial and, 229 
Fibular deficiency, pediatric 
amputations for, 273-277, 274f, 275f, 
276f, 277f 
anatomy, 270-271, 270f 
Boyd amputation for, 270-278 
complications of, 278 
outcomes of, 277-278 
pearls and pitfalls of, 277 
postoperative care of, 277, 278f 
techniques of, 276-277, 276f, 277f 
definition, 270 
diagnostic studies, 271 
differential diagnosis, 271 
imaging, 271, 271f 
natural history, 271 
nonoperative management, 271 
pathogenesis, 271 
patient history, 271 
physical findings, 271 


surgical management, 271-273, 272f, 273f 


Syme amputation for, 270-278, 272f 
complications of, 278 
outcomes of, 277-278 
pearls and pitfalls of, 277 
postoperative care of, 277, 278f 
techniques of, 273-276, 274f, 275f 
Fibular fractures, pediatric, fixation of, 116 
Fixation. See also specific types 
acetabular, Bernese PAO and, 541-542, 
S41 f, 542f 
Chiari medial displacement osteotomy, 
$31,.531f,.5327 
fibular fracture, pediatric, 116 
osteotomy, TIO and, 524, 524f 
Flexible IMN, femoral shaft fracture, 
pediatric, 81-85 
complications and, 85 


diagnostic studies for, 81 
imaging for, 81, 81f 
outcomes and, 84 
pearls and pitfalls, 84 
postoperative care for, 84 
retrograde, 82-83, 83f, 84f 
Flexion intertochanteric osteotomy, for severe 
SCFE, 570-574 
complications of, 574 
outcomes of, 573-574 
pearls and pitfalls of, 573 
postoperative care of, 573, 574f 
techniques of, 571-573, 571f, 572f, 573f 
Flexor carpi ulnaris (FCU) 
extensor carpi radialis brevis tendon and 
transfer of, 348-349, 349f 
mobilization of, 348, 348f 
natural history, 346 
patient history, 346-347 
physical findings, 346-347 
transfer 
wrist flexion deformity, 346-350 
complications of, 349-350 
outcomes of, 349 
pearls and pitfalls of, 349 
postoperative care of, 349 
wrist flexion deformity and, 346-350 
Flexor hallucis longus (FHL) tendon 
talocalcaneal coalition excision and, 634 
Forearm osteotomy. See also Osteotomy 
MHE, 355-360 
complications of, 360 
extosis excision in, 358, 358f, 359f 
outcomes of, 360 
pearls and pitfalls of, 360 
postoperative care of, 360 
radial head excision in, 359, 359f 
ulnar tethering release and, 358, 358f, 359f 
Forearm shaft fracture, pediatric, 
intramedullary fixation of, 1-9 
anatomy of, 1, If, 2f 
closure/dressing/splinting/aftercare for, 7, 8f 
complications of, 9 
definition of, 1 
diagnostic studies for, 2-3, 3t 
differential diagnosis of, 3 
distal radial entry point for, 4-5, 4f, 5f, 6f 
final rotation/cutting of radial nerve for, 7 
imaging of, 2-3, 2f 
natural history of, 1 
nonoperative management of, 3 
outcomes of, 9 
pathogenesis of, 1 
patient history and, 1-2 
pearls and pitfalls of, 8 
physical findings and, 1-2 
postoperative care of, 8, 9f 
proximal ulna entry point for, 7, 7f 
surgical management of, 3-4, 4 
techniques for, 4-8, 4f 
Friedreich ataxia, spinal deformity and, 424 


G 
Gait disturbance, tibial deformity and, 601 
Gait patterns, CP, 291-292, 292f 

distal hamstring and, 301 
Gastrocnemius fascia, pediatric 

anatomy, 309 

calcaneal lengthening osteotomy and, 588, 

588f 

diagnostic studies, 310 

imaging of, 309-310, 310f 

lengthening, 309-313 

Baker procedure for, 312, 312f 


complications of, 313 
definition of, 309 
differential diagnosis and, 310 
nonoperative management and, 310 
outcomes of, 313 
pearls and pitfalls of, 313 
postoperative care of, 313 
Strayer procedure for, 311, 311f 
surgical management and, 310, 310f 
Vulpius procedure for, 312, 312f 
patient history and, 309 
physical findings for, 309 
Genu valgum, 245 
Genu varum, 245 
Graft harvesting 
Salter innominate osteotomy, 494, 494f 
Growing rod instrumentation, for EOS, 
433-440 
complications of, 440 
outcomes of, 440 
pearls and pitfalls of, 440 
postoperative care and, 440 
techniques and, 437-440, 438f, 439f 
Guided growth 
ankle valgus, pediatric, 282, 282f 
limb deformity correction with, 245-250 
complications of, 250, 250f 
outcomes of, 250 
pearls and pitfalls of, 249, 249f 
postoperative care of, 250 
techniques for, 248, 248f 


H 
Hemiepiphysiodesis 
ankle valgus, pediatric, 279-284 
complications of, 283-284, 283f 
medial malleolar screw, 281, 281f 
outcomes of, 283 
pearls and pitfalls of, 283 
postoperative care of, 283 
distal tibial osteotomy, pediatric and, 257, 
257f 
medial malleolar screw, ankle valgus, 
pediatric, 281, 281f 
Hemivertebra 
anatomy, 441 
definition, 441, 441f 
diagnostic studies, 442 
differential diagnosis, 442 
excision, 441-448 
anteroposterior excision and, 446, 447f 
complications of, 447-448 
outcomes of, 447, 448f 
pearls and pitfalls of, 447 
pedicle screw placement and, 443, 444f 
postoperative care for, 447 
techniques for, 443-446, 444f, 445f, 
446f, 447f 
wedge resection closure and, 445, 446f 
imaging, 442, 442f 
natural history, 441 
nonoperative management, 442 
pathogenesis, 441 
patient history, 441 
physical findings, 441 
surgical management, 442-443, 443f 
Hindfoot valgus deformity 
anatomy, 583-584, 583f 
calcaneal lengthening osteotomy for, 
583-592 
AT/gastrocnemius lengthening in, 588, 
588f 
bone graft interposition and, 589-590, 
589f, S90f 


complications of, 592 
exposure in, 587-588, 587f 
lateral soft tissue release and, 587-588, 
S87f 
medial cuneiform osteotomy and, 591, 
591f 
medial soft tissue plication and, 590, 
S90f 
medial soft tissue plication 
exposure/plication in, 588, 588/ 
outcomes of, 592 
pearls and pitfalls of, 591 
postoperative care of, 592, 592f 
definition, 583 
diagnostic studies, 585 
differential diagnosis, 585-586 
imaging, 585, 585f 
natural history, 584 
nonoperative management, 586 
pathogenesis, 584 
patient history, 584-585, 584f, 585f 
physical findings, 584-585, 584f, 585f 
surgical management, 585f, 586-587 
Hip dislocation, surgical 
pediatric, 544-550 
anatomy and, 544, 544f 
complications of, 550 
definition of, 544 
diagnostic studies and, 545, 545f 
differential diagnosis and, 546 
imaging and, 545, 545f 
natural history and, 544 
nonoperative management and, 546 
outcomes of, 550 
pathogenesis and, 544 
patient history and, 544-545 
pearls and pitfalls of, 550 
physical findings and, 544-545 
postoperative care of, 550 
surgical management and, 546, 546f, 
S47 f 
transtrochanteric approach to, 547-550, 
S48f, 549f, 550f 
Hip dysplasia 
differential diagnosis of pediatric, 518 
natural history of pediatric, 516 
nonoperative management of pediatric, 518 
pathogenesis of pediatric, 515-516 
patient history of pediatric, 517 
physical findings of pediatric, 517 
surgical management of pediatric, 518-519 
Hip exposure 
anterior, Salter innominate osteotomy and, 
494 
Hip fractures, pediatric, 63-69 
anatomy, 63, 63f 
closed reduction and percutaneous fixation 
for, 65-66, 65f, 66f 
complications, 69 
definition, 63 
diagnostic studies, 64 
differential diagnosis, 64 
imaging, 64, 64f 
natural history, 63 
nonoperative management, 64 
ORIF for 
fixed angle plate/screws, 67, 67f, 68f 
pin/screw, 66, 66f, 67f 
outcomes, 69 
pathogenesis, 63 
patient history, 63-64, 64f 
pearls and pitfalls, 69 
physical findings, 63-64, 64f 
postoperative care, 69 
surgical management, 64-65, 64f, 65f 


Hip reduction, DDH open reduction and, 480 
Humerus. See also Supracondylar fractures of 
humerus, pediatric 


I 


IAT. See Insertional Achilles tendinosis 
Iliac artery 
TIP, 519-520, 519f, 520f 
Iliac crest bone graft 
congenital pseudarthrosis, tibial, 228 
Iliopsoas 
contractures 
differential diagnosis of, 287 
nonoperative management of, 287 
surgical management of, 287 
release, pediatric, 285-290 
adductor lengthening and, 289, 289f 
complications of, 290 
diagnostic studies for, 287 
imaging and, 287, 287f 
outcomes of, 290 
patient history and, 285-287 
pearls and pitfalls of, 290 
physical findings and, 285-287 
postoperative care of, 290 
psoas lengthening and, 288, 288f, 289f 
tenotomy, 299, 299f 
Ilium exposure, anterior, Salter innominate 
osteotomy and, 494 
Ilizarov method 
femoral lengthening with, 239-240, 240f 
limb lengthening using, 233-244 
outcomes of, 243 
preoperative planning, 234-235, 235f 
techniques for, 236-240, 236f, 237f, 
238f, 239f, 240f, 241f 
tibial lengthening with, 236-238, 236f, 
237f, 238f 
Impaction grafting. See also Bone grafting 
Insertional Achilles tendinosis (IAT). See also 
Achilles tendon 
Interbody fusion 
for spondylolisthesis, high-grade, 455-462 
Internal fixation. See also Open reduction and 
internal fixation 
submuscular plating, femoral shaft 
fractures, pediatric, 87-88, 87f, 88f 
Intramedullary fixation 
closed, radial neck fracture, pediatric, 
45-46, 45f, 46f, 47f, 48f 
forearm shaft fracture, pediatric, 1-9 
anatomy of, 1, 1f, 2f 
closure/dressing/splinting/aftercare for, 
7, 8f 
complications of, 9 
definition of, 1 
diagnostic studies for, 2-3, 3t 
differential diagnosis of, 3 
distal radial entry point for, 4-5, 4f, 5f, 6f 
final rotation/cutting of radial nerve for, 7 
imaging of, 2-3, 2f 
natural history of, 1 
nonoperative management of, 3 
outcomes of, 9 
pathogenesis of, 1 
patient history and, 1-2 
pearls and pitfalls of, 8 
physical findings and, 1-2 
postoperative care of, 8, 9f 
proximal ulna entry point for, 7, 7f 
surgical management of, 3-4, 4f 
techniques for, 4-8, 4f 
nail, elastic, tibial fractures, pediatric, 
101-102, 101f, 102f 
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Intramedullary reduction 
closed, radial neck fracture, pediatric, 
45-46, 45f, 46f, 47f, 48f 
radial neck fracture, pediatric, 41-49 
complications of, 48, 48f 
outcomes of, 48 
Ischial osteotomy 
anterior, 537, 537f 
Ischium, TIO, 521-522, 522f 


J 


Joint contractures. See also Contractures 
Jones procedure, modified 
cavus foot surgical treatment and, 


620-621, 620f, 621f 


K 

Kirschner wire fixation 
multiple, 554, 555f 

Kyphectomy, in spina bifida, 399-405 
closure for, 404, 404f 
complications and, 405 
decancellization and, 402, 403f 
horizontal resection for, 403, 403f 
incision and lumbar dissection for, 

401-402, 401f 

lower extremity hypoperfusion and, 404 
outcomes and, 405 
pearls and pitfalls for, 405 
pedicle screw placement for, 402, 402f 
postoperative care for, 405 
rod placement for, 403-404, 403f, 404f 
thoracic dissection for, 402 

Kyphosis 
anatomy, 399, 399f 
definition, 399 
diagnostic studies, 400 
differential diagnosis, 400 
imaging, 400, 400f 
natural history, 399, 399f 
nonoperative management, 400 
patient history, 400 
physical findings, 400 
surgical management, 400-401, 400f 


L 
Labral support (shelf) procedure 
anatomy and, 507 
definition, 507, 507f 
Perthes disease, 507-514 
arthrography and, 510, 510f 
complications of, 514 
deep dissection for, 511 
graft collection for, 511, 511f, 512f 


incision/superficial dissection for, 511, 


S11f 
outcomes of, 513, 513f 
pearls and pitfalls of, 513 
postoperative care for, 513 
shelf creation in, 512, 512f 
trough creation for, 511, 511f, 512f 
Legg-Calvé-Perthes disease. See Perthes 
disease 
Limb deformity, pediatric 
anatomy, 245, 245f 
definition, 245 
diagnostic studies, 246 
differential diagnosis, 247 
guided growth to correct, 245-250 
complications of, 250, 250f 
outcomes of, 250 
pearls and pitfalls of, 249, 249f 
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Limb deformity (continued) 
postoperative care of, 250 
techniques for, 248, 248f 
imaging, 246, 247f 
natural history, 245 
nonoperative management, 247 
pathogenesis, 245, 246f 
patient history, 246 
percutaneous epiphysiodesis for, 249 
percutaneous screw for, 249 
Phemister for, 249 
physical findings, 246, 246f 
surgical management, 247-248 
Limb-length discrepancy (LLD) 
diagnostic studies, 234 
differential diagnosis, 234 
epiphysiodesis for, 213-214 
imaging, 234, 234f 
natural history, 233-234 
nonoperative management, 214, 234 
patient history, 234 
physical findings, 234 
surgical management, 214, 234-235, 235f 
Limb lengthening, pediatric 
anatomy, 233 
complications, 243-244 
definition, 233 
Ilizarov method for, 233-244 
outcomes, 243 
techniques, 236-240, 236f, 237f, 238f, 
239f, 240f, 241f 
monoplanar fixator for, 233-244 
outcomes, 243 
techniques, 240-242, 240f, 241f, 242f 
pathogenesis, 233 
pearls and pitfalls, 242 
postoperative care, 243 
preoperative planning, 234-235, 235f 
LLD. See Limb-length discrepancy 
Low-contact dynamic compression (LCDC) 
plate, proximal femoral rotational 
osteotomy with, 168 
Lumbar spine, pediatric. See also 
Thoracolumbar-lumbar spine 
anatomy, 383, 384f 
scoliosis and, 390-391, 391f 
kyphectomy in spina bifida and dissection 
of, 401-402, 401f 
pedicle screw placement and, 396 
posterior exposure of, 383-388 
closure for, 388 
complications and, 388 
incision for, 386-387, 386f, 387f 
outcomes and, 388 
pearls and pitfalls, 388 
postoperative care for, 388 
subperiosteal dissection for, 387, 387f 


M 
Malleolus 
medial 
fractures, pediatric of, 115, 115f 
Medial column osteotomy, cavus foot 
surgical treatment and, 619-620, 
619f, 620f 
Medial displacement calcaneal osteotomy. 
See also Calcaneal osteotomy 
Medial epicondyle 
extraction of, from elbow joint, 20 
Medial epicondyle fractures, pediatric, ORIF, 
17-20 
anatomy of, 17, 17f 
cannulated screw for, 19, 19f 
complications of, 20 





definition of, 17 
diagnostic studies for, 18 
differential diagnosis of, 18 
extraction of medial epicondyle from elbow 
joint and, 20 
imaging for, 18 
natural history of, 17 
nonoperative management of, 18 
outcomes of, 20 
pathogenesis of, 17, 17f 
patient history and, 17-18 
pearls and pitfalls of, 20 
physical findings and, 17-18 
postoperative care for, 20 
surgical management of, 18, 18f 
suture fixation for, 20 
techniques for, 19-20 
Medial patellofemoral ligament (MPFL). 
See also Patellofemoral joint 
Medial retinacular plication, 133, 133f 
Medial soft tissue plication, calcaneal 
lengthening osteotomy and, 588, 
S88f, 590, S90f 
Meniscoplasty, discoid lateral meniscus, 
pediatric, 158-161 
alternative techniques for, 160, 160f 
arthroscopic saucerization and, 159-160, 
159f, 160f 
complications of, 161 
pearls and pitfalls of, 160 
postoperative care for, 161 
techniques, 159-160, 159f, 160f 
Meniscus. See also Discoid lateral meniscus, 
pediatric 
Metacarpophalangeal (MCP) joint 
thumb 
thumb-in-palm deformity and, 338-339, 
339f 
Metaizeau technique, radial neck fracture, 
pediatric, 45-46, 45f, 46f, 47f, 48f 
MHE. See Multiple hereditary exostoses 
Midfoot osteotomy 
cavus foot surgical treatment, 621-622, 
621f, 622f 
Mini-arthroscopy, elbow, pediatric, 122, 
123F 
Mitchell bunionectomy, 609, 610f 
Monoplanar fixator, limb lengthening using, 
233-244 
femoral, 240-241, 241f 
outcomes of, 243 
preoperative planning, 235, 235f 
techniques for, 240-242, 240f, 241f, 242f 
tibial, 241-242, 242f 
Multiple hereditary exostoses (MHE) 
anatomy, 355 
definition, 355 
diagnostic studies, 356-357, 356f 
differential diagnosis, 357 
forearm osteotomy, 355-360 
complications of, 360 
extosis excision in, 358, 358f, 359f 
outcomes of, 360 
pearls and pitfalls of, 360 
postoperative care of, 360 
radial head excision in, 359, 359f 
ulnar tethering release and, 358, 358f, 
359f 
imaging, 356-357, 356f 
natural history, 355 
nonoperative management, 357 
pathogenesis, 355 
patient history, 355-356, 356f 
physical findings, 355-356, 356f 
surgical management, 357-358 


Multiple percutaneous osteotomies. See also 
Osteotomy 
OI, 259-268 
complications of, 268 
outcomes of, 268 
pearls and pitfalls of, 268 
postoperative care for, 268 
techniques for, 263-266, 263f, 264f, 
265f, 266f 
Muscular dystrophy, spinal deformity and, 423 
Myelomeningocele, spinal deformity and, 
423-424 


O 


Occipitocervical arthrodesis 
with iliac graft, posterior cervical 
arthrodeses, pediatric and, 378, 
378f, 3797 
with rib graft, posterior cervical 
arthrodeses, pediatric and, 379, 380f 
Occiput-C2, posterior cervical arthrodeses, 
374-382 
OCD. See Osteochondritis dissecans 
OI. See Osteogenesis imperfecta 
Open lengthening, AT, pediatric, 594-600 
complications and, 600 
modified sliding, 598, 598f 
outcomes and, 600 
pearls and pitfalls, 599 
postoperative care for, 600 
sliding, 597-598, 597f 
Z-, 598-599, S99f 
Open reduction 
radial head/neck fractures, pediatric, 33-40 
techniques for, 38-39, 39f 
supracondylar fractures of humerus, 
pediatric, 21-24 
anatomy, 21 
complications, 24 
definition, 21 
outcomes, 23 
patient history for, 21 
pearls and pitfalls, 23 
physical findings for, 21 
postoperative care for, 23 
surgical management, 21 
techniques for, 22-23, 22f, 23f 
Open reduction, anterior approach to 
DDH, 468-476 
anterior hip exposure and, 472-473, 
472, 473f 
complications of, 476 
outcomes of, 476 
pearls and pitfalls of, 475-476 
postoperative care of, 476 
proximal femoral shortening osteotomy 
and, 474-475, 475f 
techniques, 473-474, 473f, 474f 
supracondylar fractures of humerus, 
pediatric and, 22-23, 22/, 23f 
Open reduction, medial approach to, DDH, 
477-482 
capsulorrhaphy and, 480 
capsulotomy/acetabular exposure and, 
479-480, 480f 
casting and, 481, 481/ 
closure and, 480 
complications of, 482 
deep dissection and, 479, 479f 
hip reduction and, 480 
incision/initial dissection and, 478, 479f 
outcomes of, 482 
pearls and pitfalls of, 481 
postoperative care of, 481-482, 481f 


Open reduction and internal fixation (ORIF) 


arthroscopy-assisted, tibial spine fracture, 

pediatric, 136-141, 138f, 139f, 140f 

cannulated screw for, medial epicondyle 

fractures, pediatric, 19, 19f 

displaced lateral condyle fractures of 
humerus, pediatric, 10-16 

anatomy of, 10, 10f, 11f 

closed reduction/percutaneous pinning 
for, 13, 137 

complications of, 16 

definition of, 10 

diagnostic studies and, 11, 12f 

differential diagnosis and, 11 

exposure and, 14, 14f 

fixation and, 15, 15f 

fracture reduction and, 14-15, 14f 

imaging and, 11, 12f 

natural history of, 10-11 

nonoperative management of, 11-12 

outcomes of, 16 

pathogenesis of, 10 

patient history and, 11 

pearls and pitfalls, 15 

physical findings and, 11 

postoperative care for, 16 

surgical management of, 12-13, 12f 

techniques for, 13-15, 13f, 14f, 15f 

distal femoral physeal fracture, pediatric, 

95, 95Sf 

hip fracture, pediatric 

fixed angle plate/screws, 67, 67f, 68f 

pin/screw, 66-67, 66f, 67f 

medial epicondyle fractures, pediatric, 17-20 

anatomy of, 17, 17f 

cannulated screw for, 19, 19f 

complications of, 20 

definition of, 17 

diagnostic studies for, 18 

differential diagnosis of, 18 

extraction of medial epicondyle from 
elbow joint and, 20 

imaging for, 18 

natural history of, 17 

nonoperative management of, 18 

outcomes of, 20 

pathogenesis of, 17, 17f 

patient history and, 17-18 

pearls and pitfalls of, 20 

physical findings and, 17-18 

postoperative care for, 20 

surgical management of, 18, 18f 

suture fixation for, 20 

techniques for, 19-20 

tibial spine fracture, pediatric, 136-141, 
136-142 

complications, 141 

outcomes and, 141 

pearls and pitfalls, 141 

postoperative care, 141 

repair with, 138-140, 138/, 139f, 140f 

techniques for, 138-141, 138/, 139f, 140f 

tibial tuberosity fracture, pediatric, 105-108 

complications of, 108 

dissection for, 106 

fasciotomy for, 106 

fixation for, 107, 107f 

open reduction for, 106, 106f, 107f 

outcomes of, 108 

pearls and pitfalls of, 108 

postoperative management of, 108 

techniques for, 106-107, 106f, 107f 


Operative reconstruction. See also 


Reconstruction 


ORIF. See Open reduction and internal fixation 


Osteochondritis dissecans (OCD), pediatric 


anatomy, 119, 152 
arthroscopic drilling, 152-157 
complications of, 157 
outcomes of, 157 
pearls and pitfalls of, 156 
postoperative care for, 156-157 
techniques for, 154-156, 155f, 156f 
definition, 119, 152 
diagnostic studies, 119, 152-153 
differential diagnosis, 119, 153 
elbow arthroscopy for, 119-123 
complications of, 123 
mini-, 122, 122f 
outcomes of, 123 
pearls and pitfalls of, 122 
postoperative care of, 123 
techniques, 120-122, 121f, 122f 
hinged lesions, arthroscopic drilling of, 
155, 195f 
imaging, 119, 120f, 152-153, 153f 
intact lesions, arthroscopic drilling of, 
154-155, 155f 
natural history, 119, 152 
nonoperative management, 119-120, 120f, 
153 
pathogenesis, 119, 152 
patient history, 119, 152 
physical findings, 119 
surgical management, 120, 120f, 153-154, 
154f 
techniques for, 120-122, 121f, 122f, 
154-156, 155f, 156f 
unstable lesions, arthroscopic drilling of, 
156, 156f 


Osteogenesis imperfecta (OI) 


anatomy, 259, 259f 
approaches to, 263-267, 263f, 264f, 265f, 
266f, 267f 
definition, 259 
diagnostic studies, 260 
differential diagnosis, 260 
Duval telescoping nailing of long bones in, 
259-268 
complications of, 268 
outcomes of, 268 
pearls and pitfalls of, 268 
postoperative care for, 268 
techniques for, 263-266, 263f, 264f, 
265f, 266f 
imaging, 260, 260f 
multiple percutaneous osteotomies for, 
259-268 
complications of, 268 
outcomes of, 268 
pearls and pitfalls of, 268 
postoperative care for, 268 
techniques for, 263-266, 263f, 264f, 
265f, 266f 
natural history, 259 
nonoperative management, 260 
pathogenesis, 259 
patient history, 259-260 
physical findings, 259-260 
surgical management, 260-262, 261f, 262f 
humeral nailing for, 267, 267f 
tibial technique for, 266-267, 266f 


Osteotomy 


Blount’s disease, 207-210, 208f, 209f 

calcaneal, 621-622, 621f, 622f 

closing wedge, 254-255, 255f, 256f 

closure, cubitus varus correction, pediatric 
and, 52, 53f 

completion, 540, 540f 

cuneiform, medial, 591, 591f 
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fixation 
cubitus varus correction, pediatric and, 
52, 53f 
TIO and, 524, 524f 
ischial 
anterior, 537; 537f 
medial column, 619-620, 619f, 620f 
midfoot, 621-622, 621f, 622f 
posterior column, 539-540, 540f 
proximal femoral rotational, pediatric, 
162-169 
complications of, 169 
definition of, 162 
distal, 168 
LCDC plate for, 168 
outcomes of, 169 
pearls and pitfalls of, 168-169 
postoperative care for, 169, 169f 
prone technique for, 167, 168f 
supine technique for, 164-167, 164f, 
165f, 166f, 167f 
proximal femoral varus, pediatric, 
171-176 
superior pubic ramus, 538, 538f 
supra-acetabular iliac, 539, 539f 
supramalleolar 
ankle valgus, pediatric, 282 
distal tibial osteotomy, pediatric and 
transverse, 256 
valgus, 552-556 


P 


Panner’s disease, pediatric 
anatomy, 119 
definition, 119 
diagnostic studies, 119 
differential diagnosis, 119 
elbow arthroscopy for, 119-123 
complications of, 123 
mini-, 122, 122f 
outcomes of, 123 
pearls and pitfalls of, 122 
postoperative care of, 123 
techniques, 120-122, 121f, 122f 
imaging, 119, 120f 
natural history, 119 
nonoperative management, 119-120, 120f 
pathogenesis, 119 
patient history, 119 
physical findings, 119 
surgical management, 120, 120f 
techniques for, 120-122, 121f, 122f 
PAO. See Periacetabular osteotomy 
Patella. See also Proximal patellar 
realignment, pediatric 
Patellar advancement, 317, 317f 
Patellar instability, pediatric, 124-130 
anatomy, 124, 124f 
definition, 124 
diagnostic studies, 125 
differential diagnosis, 125 
imaging, 125, 126f 
medial patellofemoral ligament 
reconstruction for, 127-128, 128f 
medial patellofemoral ligament repair for, 
127, 127f 
medial patellofemoral ligament repair on 
femoral side for, 129, 129f 
natural history, 125 
nonoperative management, 125-126 
pathogenesis, 124-125 
patient history, 125 
physical findings, 125 
postoperative care of, 130 





1-10 INDEX 


Patellar instability (continued) 
Roux-Goldthwaite patella tendon 
hemitransfer and, 129, 129f 
surgical management, 126, 126f 
complications of, 130 
Galeazzi procedure for, 128, 128f 
outcomes of, 130 
pearls and pitfalls of, 129 
techniques for, 127-129, 127f, 128f 
Patellofemoral joint, 131 
instability/dislocation, 131 
Patellofemoral ligament, medial, 
reconstruction, 133, 134f 
Pedicle screw instrumentation 
hemivertebra excision and, 443, 444f 
lumbar, placement, 396 
placement of, kyphectomy in spina bifida 
and, 402, 402f 
for scoliosis, 389-398 
complications of, 398 
outcomes of, 398 
pearls and pitfalls of, 397 
placement and, 392 
postoperative care of, 398 
rod placement and, 397 
thoracic exposure and, 395, 395f 
thoracic, placement, 395-396, 396f 
Pelvis 
anatomy 
pediatric, 527-528 
Chiari medial displacement osteotomy of, 
527-533 
acetabular displacement and, 531, 531f 
complications, 532 
exposure and, 529-530, 529f, 530f 


osteotomy fixation and, 531, 531f, 532f 


osteotomy techniques for, 530-531, 
530f 
outcomes, 532 
pearls and pitfalls, 532 
postoperative care, 532 
wound closure and, 532 
dysplasia, 527 
Pelvis, pediatric 
abnormalities/deformities, 464, 465f 
anatomy, 464, 464f 
S-rod fixation to, 464-467 
complications of, 467 
final fixation and, 466, 466f 
outcomes of, 466, 467f 
pearls and pitfalls of, 466, 466/ 
placement and, 465, 465f 
postoperative care of, 466, 466f 


Pemberton pericapsular osteotomy, 498-506, 


498f 
anatomy and, 498 
complications of, 506 
diagnostic studies, 499 
differential diagnosis and, 499 
imaging and, 499, 499f 


incision/superficial exposure and, 500, S501f 


natural history and, 499 

nonoperative management and, 500 

outcomes of, 506 

pathogenesis and, 498-499 

patient history and, 499 

pearls and pitfalls of, 506 

physical findings and, 499 

postoperative care of, 506 

surgical management and, 500, 500f 

techniques for, 501-503, S501f, 502f, 503f 
Percutaneous in situ cannulated screw 

fixation, SCFE, 564-569 
complications and, 569, 569f 
drilling for, 568 


guidewire placement for, 566-568, 566f, 
567f 
outcomes and, 569 
pearls and pitfalls for, 569 
postoperative care for, 569 
radiographic evaluation for, 568, 568f 
screw placement and, 568 
Percutaneous joystick techniques, radial neck 
fracture, pediatric, 41-49 
complications of, 48, 48f 
outcomes of, 48 
techniques for, 44-45, 44f, 45f 
Percutaneous reduction 
radial head/neck fractures, pediatric, 33-40 
techniques for, 37-38, 37f, 38f 
Periacetabular osteotomy (PAO). See also 
Osteotomy 
Bernese, 534-543 
Pericapsular osteotomies. See also Osteotomy 
Dega, 498-506 
Pemberton, 498-506 
Perthes disease (Legg-Calvé-Perthes disease) 
anatomy, 558 
diagnostic studies, 508-509 
valgus osteotomy and, 558 
differential diagnosis, 509 
valgus osteotomy and, 558 
differential diagnosis of pediatric, 518 
imaging, 508-509, 509f 
valgus osteotomy and, 558, 559f 
labral support (shelf) procedure for, 
507-514 
arthrography and, 510, 510f 
complications of, 514 
deep dissection for, 511 
graft collection for, 511, 511f, 512f 
incision/superficial dissection for, 511, 
S11f 
outcomes of, 513, 513f 
pearls and pitfalls of, 513 
postoperative care for, 513 
shelf creation in, 512, 512f 
trough creation for, 511, 511f, 512f 
natural history, 508, 508f, 508¢ 
valgus osteotomy and, 558 
natural history of pediatric, 516 
nonoperative management, 509 
valgus osteotomy and, 558 
nonoperative management of pediatric, 
518, 518f 
pathogenesis, 507 
valgus osteotomy and, 558 
pathogenesis of pediatric, 516 
patient history, 508 
valgus osteotomy and, 558 
patient history of pediatric, 517 
physical findings, 508 
valgus osteotomy and, 558 
physical findings of pediatric, 517 
surgical management, 509-510 
valgus osteotomy and, 558-559, 559f 
surgical management of pediatric, 518-519, 
519f 
valgus osteotomy for, 558-563 
complications of, 563 
definition of, 558 
exposure and, 560, 560f 
femoral, using cannulated blade plate, 
560-561, 560f, 561f 
femoral, using noncannulated blade 
plate, 561-562, 561f, 562f 
outcomes of, 562—563 
pearls and pitfalls of, 562 
postoperative care of, 562 
Phemister, limb deformity corrected with, 249 


Physeal bar 


anatomy, 219, 219f 
closure and, 224 
cranioplast interposition and, 224 
definition, 219 
diagnostic studies, 220 
differential diagnosis, 220 
excision of, 219-225 
complications and, 225 
outcomes and, 225 
pearls and pitfalls of, 224-225, 225f 
postoperative care and, 225 
fat interposition and, 224 
imaging, 220, 220f 
localization, 222, 222f 
marker placement and, 223, 223f 
natural history, 219 
nonoperative management, 220-221 
pathogenesis, 219 
patient history and, 219-220 
physical findings, 219-220 
resection, 223, 223f 
surgical management, 221, 221f 
techniques for, 222-224, 222f, 223f, 224f 


Plantar release 


cavus foot surgical treatment and, 618, 619f 


Plate fixation 


tibial fractures, pediatric, 100, 100f 


Ponseti casting, 636-648 


clubfoot, 640-641, 640f, 641f 
complex, 642-643, 642/, 643f 

complications, 647-648 

outcomes, 647 

pearls and pitfalls, 646 

postoperative care, 647 


Posterior cervical arthrodeses, pediatric, 


374-382 

anatomy, 374, 375f 

complications, 382 

definition, 374 

diagnostic studies, 376-377, 376f 

differential diagnosis, 377 

imaging, 376-377, 376f 

natural history, 375 

nonoperative management, 377 

occipitocervical arthrodesis with iliac graft 
and, 378, 378f, 379f 

occipitocervical arthrodesis with rib graft 
atid; 379,807 

outcomes, 382 

pathogenesis, 374-375 

patient history, 375 

pearls and pitfalls, 381 

physical findings, 375 

posterior C1-C2 arthrodesis and, 380-381, 
380f, 381f 

postoperative care, 381 

surgical management, 377, 378f 

techniques for, 378-381, 378f, 379f, 380f, 
381f 


Posterior column osteotomy, 539-540, 540f 
Posterolateral arthrodesis 


for spondylolisthesis, 449-456 
bone graft and, 453 
closure and, 453 
complications of, 454 
decompression and, 452 
exposure and, 452, 452f 
instrumentation and, 452 
outcomes of, 454 
pearls and pitfalls of, 453 
postoperative care of, 453-454, 454f 
rod placement and, 453, 453f 


Posterolateral fusion, for spondylolisthesis, 


high-grade, 455-462 


Posterolateral release, for clubfoot, resistant, 
649-656 
complications in, 656 
fixation in, 655, 655f 
incision in, 652, 652f 
lateral soft tissue release and, 654, 654f 
medial soft tissue release and, 653-654, 653f 
outcomes and, 656 
pearls and pitfalls in, 656 
posterior soft tissue release and, 653, 653f 
postoperative care and, 656 
realigning bones of foot in, 654, 655f 
repair of tendons in, 655 
Posteromedial release, for clubfoot, resistant, 
649-656 
complications in, 656 
fixation in, 655, 655f 
incision in, 652, 652f 
lateral soft tissue release and, 654, 654f 
medial soft tissue release and, 653-654, 653f 
outcomes and, 656 
pearls and pitfalls in, 656 
posterior soft tissue release and, 653, 653f 
postoperative care and, 656 
realigning bones of foot in, 654, 655f 
repair of tendons in, 655 
Provisional reduction 
submuscular plating, femoral shaft fracture, 
pediatric, 86, 86f 
Proximal femur 
anatomy of pediatric, 162, 162f 
pathogenesis of, 162 
rotational osteotomy, pediatric, 162-169 
complications of, 169 
definition of, 162 
distal, 168 
LCDC plate for, 168 
outcomes of, 169 
pearls and pitfalls of, 168-169 
postoperative care for, 169, 169f 
prone technique for, 167, 168f 
supine technique for, 164-167, 164f, 
165f, 166f, 167f 
varus osteotomy, pediatric, 171-176 
anatomy of, 171 
blade plate chisel placement and, 174, 174f 
blade plate placement and, 175, 175f 
complications of, 176 
definition of, 171 
diagnostic studies for, 172 
differential diagnosis and, 172 
exposure and, 173, 173f 
guidewire placement and, 173, 173f 
imaging for, 172 
natural history of, 171 
nonoperative management and, 172 
outcomes of, 176 
pathogenesis of, 171 
patient history and, 171-172 
pearls and pitfalls of, 175 
performing osteotomy and, 174, 174f 
physical findings and, 171-172 
postoperative care for, 176, 176f 
surgical management and, 172, 172f 
Proximal fibula. See also Fibula 
Proximal hamstring 
anatomy, 297 
definition, 297 
lengthening, pediatric, 289, 289f, 297-300 
completion/wound care and, 300 
complications of, 300 
diagnostic studies for, 297 
differential diagnosis and, 297 
exposure and, 298, 298f 
iliopsoas tenotomy and, 299, 299f 


imaging and, 297 
myotomy and, 298, 298f 
outcomes of, 300 
pathogenesis and, 297 
patient history and, 297 
physical findings and, 297 
postoperative care of, 300 
techniques for, 299, 299f 
natural history, 297 
Proximal humerus. See also Humerus 
fracture, pediatric, 59-60, 59f 
Proximal patellar realignment, pediatric, 
131-135 
anatomy, 131 
definition, 131 
diagnostic studies, 131 
differential diagnosis, 131-132 
imaging, 131 
medial patellofemoral ligament 
reconstruction, 133, 134f 
medial retinacular plication, 133, 133f 
natural history, 131 
nonoperative management, 132 
pathogenesis, 131 
patient history, 131 
physical findings, 131 
postoperative care, 134-135 
surgical management, 132, 132f 
complications of, 135 
pearls and pitfalls of, 134 
techniques for, 133-134, 133f, 134f 
Proximal tibia 
epiphysiodesis, 213-218 
Pseudarthrosis. See Congenital 
pseudarthrosis, tibial 
Psoas 
anatomy, 285, 286f 
contractures, 285 
natural history of, 285 
pathogenesis of, 285 
intramuscular lengthening of, TIO and, 520 
lengthening, 288, 288f, 289f 
Pubis 
superior pubic ramus osteotomy, 538, 538f 
TIO, 520, 521f 


Quadriceps recession, percutaneous, CDK 
and, surgical repair of irreducible, 
201, 201f 

Quadriceps tenotomy, mini-open, CDK and, 
surgical repair of irreducible, 
201-202, 202f 


R 
Radial dysplasia, pediatric 
anatomy, 351, 351t 
definition, 351 
diagnostic studies, 352 
imaging, 352 
natural history, 351-352 
nonoperative management, 352 
pathogenesis, 351 
patient history, 352 
physical findings, 352, 352f 
radial deviation of wrist and, release of, 
355; 3037 
reconstruction, 351-354 
complications of, 354 
outcomes of, 354, 354f 
pearls and pitfalls of, 353 
postoperative care for, 354 
surgical management, 352 
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Radial head excision, 359, 359f 
Radial head/neck fractures, pediatric, 
reduction, closed/percutaneous/open, 
33-40 
anatomy of, 33, 33f 
closed reduction techniques, 36-37, 36f, 
37f 
complications of, 40 
definition of, 33 
diagnostic studies for, 34, 34f 
differential diagnosis of, 34 
imaging of, 34, 34f 
natural history and, 33 
nonoperative management of, 34-35 
open reduction techniques, 38-39, 38f, 39f 
outcomes of, 39-40 
pathogenesis of, 33 
patient history and, 34 
pearls and pitfalls of, 39 
percutaneous reduction techniques, 37-38, 
371.36) 
physical findings and, 34 
postoperative care for, 39 
surgical management of, 35, 35f, 36f 
techniques, 36-39, 36f, 37f, 38f, 39f 
Radial neck fractures, pediatric 
anatomy, 41, 41f 
definition, 41, 41f 
diagnostic studies, 42, 42f, 43f, 43t 
differential diagnosis, 43 
imaging, 42, 42f, 43f, 43t 
intramedullary reduction techniques for, 
41-49, 45-46, 45f, 46f, 47f, 48f 
complications of, 48, 48f 
outcomes of, 48 
natural history, 41-42 
nonoperative management, 43 
pathogenesis, 41, 42f 
patient history, 42 
percutaneous joystick techniques for, 41-49 
complications of, 48, 48f 
outcomes of, 48 
pearls and pitfalls of, 48 
techniques for, 44-45, 44f, 45f 
physical findings, 42 
postoperative care, 48 
surgical management, 43, 43f 
techniques for, 44-46, 44f, 45f, 46f, 47f, 
48f 
Radiography, plain 
tibial tuberosity fracture, 105, 106f 
Reconstruction. See also Extensile 
reconstruction 
ACL, for skeletally immature patients, 
143-151 
radial dysplasia, pediatric, 351-354 
complications of, 354 
outcomes of, 354, 354f 
pearls and pitfalls of, 353 
postoperative care for, 354 
Rectus femoris, anatomy, 291 
Rectus femoris transfer, pediatric, 291-296 
complications, 296 
diagnostic studies and, 292, 292f 
imaging and, 292, 292f 
outcomes, 295 
patient history and, 291 
pearls and pitfalls, 295 
physical findings and, 291 
postoperative care, 295 
rectus femoris tendon, mobilization and 
tunneling, 294, 294f 
rectus tendon isolation and, 293, 293f 
rectus tendon transfer and, 294, 294f 
soft tissue dissection and, 293, 293f 
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Retrograde IMN 

flexible, femoral shaft fracture, pediatric, 
82-83, 83f, 84f 

Rett syndrome, spinal deformity and, 424 


Salter innominate osteotomy, 492-497, 
See also Osteotomy 
anatomy and, 492 
bone graft and, harvesting, 494, 494f 
bone graft and, placing, 495, 495f 
complications of, 496 
DDH, 492 
definition, 492 
diagnostic studies, 492 
differential diagnosis and, 492 
hip/ilium exposure, anterior and, 494 
imaging, 492, 493f 
natural history, 492 
nonoperative management and, 493 
outcomes of, 496 
pathogenesis, 492 
patient history, 492 
pearls and pitfalls of, 496, 496f 
physical findings, 492 
postoperative care of, 496 
surgical management and, 493, 493f 
techniques, 494, 494f 
wound closure and, 495 
SCFE. See Slipped capital femoral epiphysis 
Scoliosis, pediatric, 383 
anatomy and, 389-391, 389f, 390f, 390t, 
391f 
lumbar spine, 390-391, 391f 
thoracic spine, 389-390, 390f, 390t 
anterior interbody arthrodesis with 
instrumentation for, 406-416 
complications of, 416 
open thoracic, 408 
outcomes of, 416 
pearls and pitfalls of, 415 
postoperative care and, 416 
thoracolumbar-lumbar spine, 411-414, 
412f, 413f, 414f, 415f 
thoracoscopic, 408-411, 408f, 409f, 
410f, 411f 
congenital, 384 
definition, 389, 406 
diagnostic studies for, 406-407, 418 
differential diagnosis, 385, 391, 418 
idiopathic, 383 
anatomy of, 406 
differential diagnosis of, 407 
natural history, 406, 417 
nonoperative management of, 407 
pathogenesis of, 406 
surgical management of, 407-408, 407f, 
408f 
imaging for, 391, 406-407, 406f, 418, 
418f 
natural history, 383-384, 417 
neuromuscular, 384 
anatomy and, 423, 423f 
definition of, 423 
differential diagnosis of, 425 
imaging for, 425 
natural history of, 423-424 
nonoperative management of, 425 
pathogenesis of, 423-424 
patient history and, 424-425, 424f 
physical findings and, 424-425, 424f 
surgical management of, 425-427, 425f, 
426f, 427f 
unit rod instrumentation for, 423-432 


unit rod instrumentation for, techniques 
of, 427-430, 427f, 428f, 429f, 430f, 


431f 


nonoperative management, 385, 391, 418 


pathogenesis, 417 
patient history, 384, 417-418, 417f 


pedicle screw instrumentation for, 389-398 


complications of, 398 

lumbar, placement, 396 

outcomes of, 398 

pearls and pitfalls of, 397 

placement of, 392 

postoperative care of, 398 

thoracic, placement, 395-396, 396f 

thoracic exposure and, 395, 395f 
physical findings, 384, 417-418, 417f 
rod placement and, 397, 397f 
segmental hook for, 389-398 

complications of, 398 

outcomes of, 398 

pearls and pitfalls of, 397 

placement of, 391-393, 393f, 394f 


postoperative care of, 398 


surgical management, 385-386, 385f, 386f, 


391-392, 418-419, 419f 
thoracic, 406-407 
thoracoscopic release and fusion for, 
417-422 
complications of, 422 
outcomes of, 422 
pearls and pitfalls of, 421 
postoperative care and, 421-422 
techniques and, 419-420, 420f, 421f 
Screw fixation 
percutaneous 
limb deformity corrected with, 249 
Segmental hook, for scoliosis, 389-398 
complications of, 398 
outcomes of, 398 
pearls and pitfalls of, 397 
placement of, 391-393, 393f, 394f 
postoperative care of, 398 
Septic hip, pediatric 
anatomy, 483, 483f 
anterior drainage of, 483-491 
anterior lateral approach to, 489, 489f 
complications for, 490, 491f 
direct anterior approach to, 488, 488f, 
489f 
outcomes for, 490, 490f 
pearls and pitfalls for, 490 
postoperative care for, 490 
Smith-Peterson anterior approach to, 
modified, 487, 487f, 488f 
definition, 483 
diagnostic studies, 484-486 
imaging, 484-486, 484f 
natural history, 483-484 
nonoperative management, 486 
pathogenesis, 483 
patient history, 484 
physical findings, 484, 484f 
surgical management, 485f, 486, 486f 
Shoulder fractures, pediatric, 55-62 
anatomy, 55, 55f 
complications, 62 
definition, 55 
diagnostic studies, 56, 56f 
differential diagnosis, 56 
imaging, 56, 56f 
natural history, 55-56, 55t 
nonoperative management, 57 
outcomes, 62 
pathogenesis, 55 
patient history, 56 


pearls and pitfalls, 61 

physical findings, 56 

postoperative care, 62, 62f 

proximal humerus fracture, 59-60, 59f 

sternoclavicular fracture-dislocations, 
posterior, 60-61, 60f, 61f 

surgical management, 57-58, 57f, 58f 


Slipped capital femoral epiphysis (SCFE), 544 


anatomy, 564 
definition, 564 
diagnostic studies, 564-565 
differential diagnosis, 565 
imaging, 564-565, 565f 
natural history, 564 
nonoperative management, 565 
pathogenesis, 564 
patient history, 564 
percutaneous in situ cannulated screw 
fixation of, 564-569 
complications and, 569, 569f 
drilling for, 568 
guidewire placement for, 566-568, 566f, 
567f 
outcomes and, 569 
pearls and pitfalls for, 569 
postoperative care for, 569 
radiographic evaluation for, 568, 568f 
screw placement and, 568 
physical findings, 564 
severe 
complications of, 574 
definition of, 570 
diagnostic studies, 570 
differential diagnosis of, 570 
flexion intertrochanteric osteotomy for, 
570-574 
flexion intertrochanteric osteotomy for, 
pearls and pitfalls of, 573 
flexion intertrochanteric osteotomy for, 
techniques of, 571-573, 571f, 572f, 
573f 
imaging and, 570, 570f 
natural history of, 570 
nonoperative management of, 570 
outcomes of, 573-574 
pathogenesis of, 570 
patient history and, 570 
physical findings and, 570 
postoperative care of, 573, 574f 
surgical management of, 570-571, 571f 
surgical management, 565 


Smith-Peterson anterior approach 


modified, septic hip anterior drainage, 487, 
A87f, 488f 


Soft tissue 


plication, medial, calcaneal lengthening 
osteotomy and, 588, 588f, 590, 590f 


Spastic hip disease, 297 


surgical management, 297-298 


Spica casting 


femur fractures, pediatric, 70-73 
complications of, 73 
outcomes of, 73 
pearls and pitfalls of, 72-73 
postoperative care of, 73, 73t 
traditional, femur fractures, pediatric, 
71-72, 71f, 72f 
walking, femur fractures, pediatric, 72, 72f 


Spina bifida, kyphectomy in, 399-405 


closure for, 404, 404f 
complications and, 405 
decancellization and, 402, 403f 
horizontal resection for, 403, 403f 
incision and lumbar dissection for, 


401-402, 401f 


lower extremity hypoperfusion and, 404 
outcomes and, 405 
pearls and pitfalls for, 405 
pedicle screw placement for, 402, 402f 
postoperative care for, 405 
rod placement for, 403-404, 403f, 404f 
thoracic dissection for, 402 
Spinal cord 
spondylolisthesis and, 455-456 
Spinal cord deformities 
CP and, 423 
Friedreich ataxia and, 424 
muscular dystrophy and, 423 
myelomeningocele and, 423-424 
neuromuscular, 464 
Rett syndrome and, 424 
spinal cord injury and, 424 
spinal muscular atrophy and, 424 
Spinal cord injury, spinal deformity and, 


Spinal muscular atrophy, spinal deformity 
and, 424 
Spondylolisthesis 
anatomy and, 455-456 
definition, 449, 455, 455f 
diagnostic studies, 450-451 
high-grade 
complications of, 462 
decompression for, 455-462 
diagnostic studies for, 456-457 
differential diagnosis of, 457 
imaging for, 456-457, 457f 
interbody fusion for, 455-462 
natural history of, 456 
nonoperative management of, 457 
outcomes of, 462 
pathogenesis of, 456 
patient history, 456, 456f 
physical findings, 456, 456f 
posterolateral fusion for, 455-462 
postoperative care for, 462, 462f 
routine revision without diaphyseal 
defect for, 458-461, 459f, 460f, 
461f 


patient history, 362-363 
physical findings, 362-363, 362f 
surgical management, 363-364 
Woodward repair of, modified, 362-365 
complications, 365 
outcomes, 365 
pearls and pitfalls, 365 
postoperative care, 365 


procedure for, 364-365, 364f, 365f 


S-rod fixation, pelvic, 464-467 


complications of, 467 

final fixation and, 466, 466f 
outcomes of, 466, 467f 

pearls and pitfalls of, 466, 466f 
postoperative care of, 466, 466f 
S-rod placement and, 465, 465f 


Sternoclavicular fracture-dislocations, 


posterior 


pediatric, 60-61, 60f, 61f 


Sternocleidomastoid (SCM) muscle 


anatomy, 367, 367f 

CMT and, 367-368 

definition, 367 

diagnostic studies, 369 

imaging, 369 

physical findings, 368-369, 368f 

release of pediatric, 367-372 
bipolar, 371, 371f 
complications, 372 
distal unipolar, 370-371, 370f 
incision and dissection for, 370, 370f 
outcomes, 372 
pearls and pitfalls, 372 
postoperative care for, 372, 372f 


Submuscular plating, femoral shaft fracture, 


pediatric, 86-89, 86-90 
complications and, 89 
implant selection/preparation for, 86-87, 
87f 
internal fixation for, 87-88, 87f, 88f 
outcomes for, 89 
pearls and pitfalls, 89 
postoperative care for, 89 
provisional reduction for, 86, 86f 
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physical findings for, 21 

postoperative care for, 23 

surgical management, 21 

techniques for, 22-23, 22f, 23f 
open reduction of, 21-24 


Supracondylar humeral osteotomy, cubitus 


varus correction with, pediatric, 
50-54 
anatomy and, 50 
complications of, 54 
definition of, 50 
diagnostic studies for, 50 
exposure and, 52, 52f 
imaging for, 50, S1f 
natural history and, 50 
nonoperative management for, 50 
osteotomy closure/fixation and, 52, 53f 
outcomes of, 54 
pathogenesis of, 50 
patient history and, 50 
pearls/pitfalls of, 53 
physical findings and, 50 
postoperative care of, 53, 54f 
surgical management for, 50-51, 51f 
techniques for, 52-53, 52f, 53f 
wound closure and, 53 


Syme amputation 


fibular deficiency, pediatric, 270-278, 272f 
complications of, 278 
outcomes of, 277-278 
pearls and pitfalls of, 277 
postoperative care of, 277, 278f 
techniques of, 273-276, 274f, 275f 


Syndactyly, pediatric 


anatomy, 326 

definition, 326, 326f 
diagnostic studies, 327 
imaging, 327, 327f 

natural history, 326 
nonoperative management, 327 
pathogenesis, 326 

patient history, 326-327 
physical findings, 326-327 
release of simple, 326-332 





complications and, 332 
outcomes for, 331-332 
pearls and pitfalls for, 331 


Superior pubic ramus osteotomy, 538, 538f 
Supra-acetabular iliac, osteotomy, 539, 539f 
Supracondylar fractures of humerus, 


surgical management of, 457-458, 458f 
surgical management of, pearls and 
pitfalls for, 461 


techniques for, 458-461, 459f, 460f, pediatric postoperative care for, 331 
461f closed reduction and percutaneous pinning, techniques for, 329-330, 329f, 330f, 331f 
imaging, 450-451, 450f 25-32 surgical management, 327, 328f 


natural history, 449 
nonoperative management, 451 
pathogenesis, 449 
patient history, 449-450, 449f 
physical findings, 449-450, 449f 
posterolateral arthrodesis for, 449-456 
bone graft and, 453 
closure and, 453 
complications of, 454 
decompression and, 452 
exposure and, 452, 452f 
instrumentation and, 452 
outcomes of, 454 
pearls and pitfalls of, 453 
postoperative care of, 453-454, 454f 
rod placement and, 453, 453f 
surgical management, 451, 451f 
Sprengel deformity, pediatric 
anatomy, 362 
definition, 362 
diagnostic studies, 363 
imaging, 363, 363f 
natural history, 362 
nonoperative management, 363 
pathogenesis, 362 


anatomy, 25, 26f 

closed-pin technique for, 31, 31f 

complications, 32 

definition, 25 

diagnostic studies, 26, 27f 

differential diagnosis, 26 

imaging for, 26, 27f 

lateral entry pin technique for, 29, 30f 

natural history and, 25 

nonoperative management for, 26 

outcomes, 32 

pathogenesis, 25 

patient history and, 25-26 

pearls and pitfalls, 32 

physical findings and, 25-26 

postoperative care for, 32 

surgical management for, 26-28, 28f 

techniques for, 28-31, 29f, 30f, 31f 
open reduction, 21-24 

anatomy, 21 

complications, 24 

definition, 21 

outcomes, 23 

patient history for, 21 

pearls and pitfalls, 23 


Talocalcaneal coalition, pediatric 


anatomy, 630 

definition, 630 

diagnostic studies, 630 

excision of, 630-634 
complications in, 634 
exposure in, 632, 633f 
incision/dissection in, 631-632, 632f 
interposition of a portion of FHL tendon 

in, 634 

interposition of fat graft in, 633, 633f 
outcomes in, 634 
pearls and pitfalls in, 634 
postoperative care for, 634 
wound closure for, 634 

imaging, 630, 631f 

natural history, 630 

nonoperative management, 630 

pathogenesis, 630 

patient history, 630 

physical findings, 630 

surgical management, 631 
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Tenotomy 
Achilles, percutaneous, 643-645, 644f, 
645f, 646f 
iliopsoas, 299, 299f 
quadriceps, 201-202, 202f 
Thoracic spine, pediatric 
anatomy, 383, 384f, 417 
scoliosis and, 389-390, 390f, 390t 
anterior interbody arthrodesis with 
instrumentation, for scoliosis, 
408-411, 408f, 409f, 410f, 411f 
diagnostic studies, 384-385, 385f 
exposure of, pedicle screw placement and, 
395, 395f 
imaging, 384-385, 385f 
kyphectomy in spina bifida and dissection 
of, 402 
pedicle screw placement and, 395-396, 
395f, 396f 
posterior exposure of, 383-388 
closure for, 388 
complications and, 388 
incision for, 386-387, 386f, 387f 
outcomes and, 388 
pearls and pitfalls, 388 
postoperative care for, 388 
subperiosteal dissection for, 387, 387f 
scoliosis of, 406—407 
Thoracolumbar-lumbar spine, anterior 
interbody arthrodesis with 
instrumentation for scoliosis and, 
411-414, 412f, 413f, 4147, 415f 
Thoracoscopic release and fusion 
definition, 417 
for scoliosis, 417-422 
complications of, 422 
outcomes of, 422 
pearls and pitfalls of, 421 
postoperative care and, 421-422 
techniques and, 419-420, 420f, 421f 
Thumb-in-palm deformity 
anatomy, 333, 333f 
augmentation of weak muscles and, 
337-338, 337f, 338f 
complications, 340 
in CP, correction of, 333-340 
definition, 333 
diagnostic studies, 334 
differential diagnosis, 334 
imaging, 334 
natural history, 333 
nonoperative management, 334 
outcomes, 340 
pathogenesis, 333 
patient history, 333 
pearls and pitfalls of, 339-340 
physical findings, 333, 334t 
postoperative care, 340 
release of contractures and, 336, 336f, 
337f 
surgical management, 335, 335t 
thumb MCP joint and, stabilization of, 
338-339, 339f 
Tibia. See also Congenital pseudarthrosis, 
tibial 
lengthening of 
Ilizarov method for, 236-238, 236f, 
237f, 238f 
monoplanar fixator for, 241-242, 
242f 
pediatric 
anatomy of, 601 


nonoperative management of, 602 
surgical management of, 602-604, 603f 


Tibial fractures, pediatric, 97-104 


anatomy, 97, 97f 
cutting nails for, 102, 102f 
definition, 97 
differential diagnosis, 98 
external fixation, 99-100, 100f 
imaging, 98 
intramedullary nail fixation, elastic, 
101-102, 101f, 102/ 
natural history, 97 
nonoperative management, 98, 98f 
pathogenesis, 97 
patient history, 97-98 
physical findings, 97-98, 97f 
plate fixation, 100, 100f 
postoperative care of, 103 
surgical management, 98-99, 99f 
complications of, 103-104 
outcomes of, 103-104 
pearls and pitfalls of, 103, 103f 
techniques for, 99-103, 99f, 100f, 101f, 
102/ 
wound closure for, 102, 102f 


Tibialis tendon transfer, split 


for clubfoot deformity, residual, 663-664 
to peroneus brevis, 604-605, 604f, 605f 


Tibialis transfer, anterior, for clubfoot 


deformity, residual, 657-665 
complications of, 665 
full, 661-662, 661f, 662f, 663f 
outcomes of, 665 
pearls and pitfalls of, 664, 664f 
postoperative care of, 665, 665f 
split, 663-664 


Tibial physis, epiphysiodesis of, 215-216, 


215f, 216f 


Tibial spine fractures, pediatric 


anatomy, 136, 137f 
definition, 136, 136f 
differential diagnosis, 137 
imaging, 137, 137f 
nonoperative management, 137 
ORIF, arthroscopy-assisted management of, 
136-141 
complications, 141 
outcomes and, 141 
pearls and pitfalls, 141 
postoperative care, 141 
repair with, 138-140, 138f, 139f, 140f 
techniques for, 138-141, 138f, 139f, 
140f 
pathogenesis, 136 
patient history, 136-137 
physical findings, 136-137 
spine repair for, 138-140, 138f/, 139f, 140f 
surgical management, 137-138, 138f 
techniques for, 138-141, 138f, 139f, 
140f 


Tibial tendon transfer, pediatric, split 


posterior, 601-607 

complications of, 607 

through interosseous membrane to lateral 
cuneiform, 605-606 

through interosseous membrane to 
peroneus brevis, 606 

outcomes of, 606 

pearls and pitfalls of, 606 

postoperative care of, 606 

split tibialis tendon transfer to peroneus 


brevis and, 604-605, 604f, 605f 


definition, 105 
nonoperative management, 105 
ORIF, 105-108 
complications of, 108 
dissection for, 106 
fasciotomy for, 106 
fixation for, 107, 107f 
open reduction for, 106, 106f, 107f 
outcomes of, 108 
pearls and pitfalls of, 108 
postoperative management of, 108 
techniques for, 106-107, 106f, 107f 
pathogenesis, 105 
patient history, 105 
physical findings, 105 
radiographic findings, 105, 106f 
surgical management, 105-106 
techniques for, 106-107, 106f, 107f 
Tillaux fractures, pediatric, 114, 114f 
TIO. See Triple innominate osteotomy 
Toe(s) 
Butler procedure for overlapping fifth, 
612-613, 613f 
Triplane fractures, pediatric, 115-116, 115f, 
116f 
Triple arthrodesis 
pediatric, 575-582 
anatomy and, 575 
Beak, for severe cavus deformity, 580, 
580f 
complications of, 582 
definition of, 575 
diagnostic studies and, 576 
differential diagnosis and, 576 
imaging and, 576 
inlay grafting method in, for valgus 
deformity, 581, 581f 
Lambrinudi, 579-580, 579f 
natural history and, 575 
nonoperative management and, 576-577 
outcomes of, 581 
pathogenesis, 575 
patient history and, 575-576 
pearls and pitfalls of, 581 
Penny’s modified Lambrinudi, 578-579, 
578f, 579F 
physical findings and, 575-576 
postoperative care of, 581 
single medial incision for, 580 
surgical management and, 577, 577f 
Triple innominate osteotomy (TIO), 515-526. 
See also Osteotomy 
acetabulum rotation and, 523, 523f 
complications, 526 
definition, 515, 515f 
diagnostic studies and, 517 
fixation of osteotomies and, 524, 524f 
hip dysplasia, 515-519 
iliac osteotomy and, 519-520, 519f, 520f 
imaging and, 517 
ischial, 521-522, 522f 
Legg-Calvé-Perthes disease, 516-519 
outcomes, 525-526 
pearls and pitfalls of, 524-525, 525f 
postoperative care, 525 
psoas intramuscular lengthening and, 520 
pubic, 520, 521f 
wound closure and, 524 
Turf toe injuries. See also Toe(s) 


U 


deformity of, 601 
diagnostic studies for, 602 
imaging of, 602 


Tibial tubercle advancement, 318, 318f 
Tibial tuberosity fractures, pediatric 
anatomy, 105 


UBC. See Unicameral bone cyst 
Ulnar nerve 


tethering release, 358, 358f, 359f 


Unicameral bone cyst (UBC), 320-325 


complications, 325 

definition, 320 

differential diagnosis, 321-322 

imaging, 321, 321f 

natural history, 320 

nonoperative management, 322 

outcomes, 325 

pathogenesis, 320 

patient history, 320-321 

pearls and pitfalls, 325 

physical findings, 320-321 

postoperative care, 325 

surgical management, 322-324, 322f, 323f, 
324f 


Unit rod instrumentation, for neuromuscular 


scoliosis, 423-432 

completion/wound closure for, 430, 430f, 
431f 

complications of, 432 

exposure and, 427 

Luque wire passage and, 428, 428f 

outcomes of, 432 

pearls and pitfalls of, 431 

pelvis preparation and, 427, 427f 

postoperative care of, 432 

rod selection/insertion and, 429-430, 429f, 
430f 


Upper cervical spine, 374 


instability, 375-377 


Valgus deformity. See also Ankle valgus, 


pediatric; Hindfoot valgus 
deformity 
distal tibial osteotomy for, 254-255, 255f 
inlay grafting method for, 581, 581f 


Valgus osteotomy 


for coxa vara, developmental, 552-556 
adolescent blade plate fixation for, 556 
complications of, 556 
exposure and, 554 
multiple Kirschner wire fixation for, 554, 

55 5f 
outcomes of, 556 
pearls and pitfalls of, 556 
postoperative care of, 556 
Wagner plate fixation for, 555, 555f 

for Perthes disease, 558-563 
complications of, 563 
definition of, 558 
exposure and, 560, 560f 
femoral, using cannulated blade plate, 

560-561, 560f, 561f 
femoral, using noncannulated blade 
plate, 561-562, 561f, 562f 
outcomes of, 562-563 
pearls and pitfalls of, 562 
postoperative care of, 562 


Varus deformity 


distal tibial osteotomy for, 255, 256f 
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W 
Wagner plate fixation. See also Fixation 
valgus osteotomy, 555, 555f 
Williams rod, congenital pseudarthrosis 
repair with, tibial, 226-232, 229, 
230f 
Wiltse osteotomy, 256. See also Osteotomy 
Woodward repair, modified, Sprengel 
deformity pediatric, 362-365 
complications, 365 
outcomes, 365 
pearls and pitfalls, 365 
postoperative care, 365 
procedure for, 364-365, 364f, 365f 
Wrist flexion deformity 
anatomy, 346 
definition, 346 
diagnostic studies, 347 
differential diagnosis, 347 
FCU transfer for, 346-350 
complications of, 349-350 
outcomes of, 349 
pearls and pitfalls of, 349 
postoperative care of, 349 
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nonoperative management, 347 
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patient history, 346-347 
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surgical management, 347-348, 348f 





Exam Table for Pediatrics 


Examination 


Technique 


Upper Extremities/Shoulder 


Anterior interosseous 
nerve 


Median nerve 


Radial nerve (really 
posterior interosseous 
nerve in the forearm) 


Ulnar nerve 


Spine 


Adams forward bend test 


"OK" sign (flexion of distal inter- 
phalangeal of index and inter- 
phalangeal of thumb herald 
flexor digitorum profundus and 
flexor pollicis longus function of 
these digits) 


Rock (pronated fist with flexor 
pollicis longus function as well 
as flexor digitorum profundus 

function to index and long) 


Paper (extension of fingers and 
wrist well above a zero-degree 
wrist position) 


Scissors (adducted thumb, ab- 
ducted fingers, and flexor digito- 
rum profundus function to ring 
and pinky) 


Examiner sits or stands behind 
patient. With the patient's feet 
together and knees straight, he 
or she is asked to bend forward 
at the waist while letting the 
arms hang free. Abnormalities in 
vertebral rotation become appar- 
ent as an asymmetrical rib hump, 
prominence, or fullness. 


Illustration 








Grading & Significance 


Motor branch only (it has no cutaneous 
innervation, only articular). Isolated 
palsy has been reported secondary to 
constrictive dressings and after proximal 
ulna fracture. 


Autonomous zone is palmar tip index 
finger. Most commonly injured nerve 
after closed or open forearm shaft 
fractures. 


Autonomous zone is dorsal web space 
between thumb and index. Risk of iatro- 
genic injury during surgical exposure of 
proximal radial shaft. 


Autonomous zone is palmar tip pinky 

finger. Most common iatrogenic nerve 
injury after internal fixation of forearm 
shaft fractures. 


The rotational deformity of the thoracic 
and lumbar spine can be graded using a 
scoliometer. The rotational deformity 
seen in scoliosis can be very prominent 
and the most obvious deformity seen by 
the patient and family. Characterizes the 
axial-plane deformity seen in scoliosis. 


(continued) 


1 


BE 2 


EXAM TABLE 


Examination 


Scapular and shoulder 
asymmetry 


Thumb excursion test 


Trunk shift 


Technique 


Illustration 





Examiner sits or stands behind 
patient and notes presence of 
scapular asymmetry in terms of 
size and contour and shoulder 
asymmetry in terms of height. 


The base of the chest is encir- 
cled from the back by the exam- 
iner's hands, with the fingers 
just anterior to the anterior axil- 
lary line. The tips of the thumbs 
are positioned so that they are 
equidistant from the spine. The 
patient takes a deep breath, and 
the distance that each thumb tip 
moves laterally away from the 
Spine is graded. 


Examiner sits or stands behind 
patient. A C7 plumb line is used 
to evaluate for truncal shift. 


Grading & Significance 


Important to point out to parents as this 
is not always corrected by surgery 


No movement is classified as +0; 0.5 cm 
or less of excursion as +1; 0.5 to 1 cm 
as +2; and >1 cmas +3. The higher 
the grade, the greater the clinical sec- 
ondary breathing mechanism in the re- 
spective hemithorax. 


Trunk shift is graded based on the num- 
ber of centimeters that the plumb line, 
dropped from C7 spinous process, devi- 
ated from the midline. For example, if 
the plumb line fell 3 cm to the left, then 
the patient would have a leftward trunk 
shift of 3 cm. 


Examination 
Hip/Pelvis 


Arc of rotation, hip 


Barlow maneuver 


Galeazzi sign 


Hip abduction 


Ortolani sign 


Technique Illustration 


This is performed in the prone 
position, starting with the knee 
flexed to 90 degrees. Starting 
with the hip in neutral rotation, 
the hip is internally rotated and 
externally rotated. 


The examiner's hand is on the 
proximal femur, fingers over the 
greater trochanter, and the leg is 
in a flexed position. The leg is 
adducted with gentle posterior 
pressure to see if the hip can be 
dislocated. 


On a flat surface, the thigh 
lengths are assessed with the 
knees flexed. The examiner 
flexes the hips to 90 degrees and 
notes the height of the knees. 


On a flat surface, the patient's 
hips are flexed to 90 degrees 
and abducted and the anterior 
superior iliac spines palpated to 
make sure the pelvis remains 
level. Abduction of the hips 
should be checked in both the 
flexed and extended positions. 


With a hand on the proximal 
femur, fingers over the greater 
trochanter, and the leg in a flexed 
position, the examiner abducts 
the leg with gentle traction to see 
if the hip can be reduced. 


The hip is flexed 90 degrees. The 
hip is abducted gently with the 
thumb on the medial femoral 
condyle and the third finger on 
the greater trochanter. The ex- 
aminer lifts with the third finger 
and feels for a “clunk.” 





EXAM TABLE 3 


Grading & Significance 


The arcs of internal and external rotation 
from the midline are measured in de- 
grees with a goniometer. Normal arc of 
rotation is age-dependent. External rota- 
tion usually exceeds internal rotation. 
When the arc of internal rotation ex- 
ceeds the arc of external rotation, the 
presence of increased anteversion can be 
inferred. 


Positive or negative. Positive Barlow sign 
represents the ability for a reduced hip 
to be dislocated due to instability. 
Disappears as fixed dislocation develops. 


Positive if there is a difference in thigh 
length. A positive Galeazzi sign can indi- 
cate a dislocated hip, a short femur, or a 
congenital hip deformity. The apparent 
femoral lengths will be equal in bilateral 
dislocations. 


In a normal hip, abduction should be 
>60 degrees and symmetric. May be the 
only abnormal sign in infants. A differ- 
ence of 10 degrees or more is significant. 


Decreased hip abduction is the most 
common physical finding in patients 
with hip pathology. A marked loss of ab- 
duction in extension is particularly im- 
portant in Perthes disease, suggesting 
hinge abduction. 


Positive or negative. A positive Ortolani 
sign represents the reduction of a dislo- 
cated hip. Usually present in the newborn 
with developmental dysplasia of the 

hip, but disappears as the dislocation 
becomes fixed. 


The test is positive if a clunk is felt as a 
dislocated hip reduces. 


(continued) 


4 EXAM TABLE 


Examination 


Pelvic obliquity 


Range of motion (ROM), 
hip 


Lower Extremities 


Anterior drawer test 


Collateral ligament laxity 


Technique Illustration 


Examiner sits or stands behind 
patient. Fingers are placed on 
the iliac crests and the thumbs 
are placed on the posterior supe- 
rior iliac spines. Presence of 
asymmetry is noted. 


Abduction—adduction and flexion 
ROM is examined in the supine 
position. Fixed flexion deformity 
of the hip is measured. Hip inter- 
nal rotation—external rotation is 
measured in prone position, to- 
gether with the thigh—foot angle. 
Muscle length tests include 
popliteal angle (hamstring 
length) and prone knee bend 
(rectus femoris muscle length). 





Clinician’s line 
The patient is examined in the 
supine position with the knee 
flexed 90 degrees. The leg is 
held below the joint line and the 


Hamstring’s line 


tibia is pulled forward. , of pull 


Varus or valgus stress with the 
knee in full extension as well as 
30 degrees of flexion 





Grading & Significance 


Can indicate a possible leg-length 
discrepancy that can mimic a lumbar 
scoliosis 


ROM is measured and contractures are 
identified and quantified in degrees. 

A popliteal angle >0 degrees and 
prone knee bend less than supine knee 
bend indicates tightness of hamstring 
and rectus femoris muscles, respec- 
tively. Contractures need to be treated 
in preparation for lengthening. 
Lengthening of rectus femoris and 
hamstring muscles is recommended for 
positive muscle tightness. 


Normal extension range of motion is 
from 10 degrees beyond horizontal. 
Maximum flexion is limited by the ab- 
domen and the trunk. Normal walking 
function requires 7 degrees extension 
beyond neutral pelvic position. 
Therefore, even small contractures limit 
functional range of motion, shorten 
step length, and induce compensatory 
movements. 


Restricted ROM can indicate a joint 
abnormality, capsular contracture, or 
spasticity of the internal or external 
rotators of the hip. Excessive ROM 
indicates relative ligamentous laxity. 
Shifted ROM (eg, excessive internal 
ROM) indicates excessive femoral 
anteversion. 


Positive examination indicates knee joint 
laxity. Not as sensitive as the Lachman 
in testing for anterior cruciate ligament 
deficiency. 


Normal = symmetric to the opposite 
side; Mild = 1 to 3 mm of increased lax- 
ity from the opposite side; Moderate = 3 
to 5 mm; Severe = 5 mm or more differ- 
ence. In children varus instability may be 
due to accommodation of the large 
discoid lateral meniscus. 


Examination 


Flexibility of the 
Achilles tendon and the 
gastrocnemius tendon 


Lachman Test 


Leg length, apparent 


Leg length, true 


Patellar stability 


Technique 









The knee is flexed to 90 degrees. 
The subtalar joint is inverted to 
neutral. The ankle is maximally 
dorsiflexed without allowing the 


of dorsiflexion is measured. The 
knee is extended while maintain- 
ing subtalar neutral, even if it 
creates plantarflexion of the 
ankle. Once again the degree of 
ankle dorsiflexion is measured. 







The test is performed with the 
knee in slight flexion (between 
20 and 30 degrees). The exam- 
iner grasps the thigh above the 
patella and uses the other hand 
to grasp the leg. The tibia is 
pulled forward while the other 


from the umbilicus to each 
medial malleolus is measured. 


15 to 20 cm apart, the examiner 
measures the distance from the 
anterior superior iliac spines to 


In obese patients with poor 
pelvic landmarks, the examiner 
should line up the medial 


of leg lengths. It is important to 


and to observe for pelvic oblig- 
uity and scoliosis. 






The examiner flexes the knee 
and palpates the alignment of 
the patella to the notch in flex- 
ion. Tracking of the patella is 
assessed from 0 to 90 degrees. 
The examiner attempts to push 


notch. 


subtalar joint to evert. The degree 


hand restrains the patient's thigh. 


With patient supine, the distance 


With the patient supine with feet 


the medial malleolus of each leg. 


malleoli to get an approximation 


assess the patient while standing 


the thumb into the intercondylar 


Illustration 
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EXAM TABLE 5 


Grading & Significance 


The degree of ankle dorsiflexion is mea- 
sured with the knee both flexed and 
extended. It is normal for the ankle to 
dorsiflex at least 10 degrees above neu- 
tral with the knee extended, and even 
further with the knee flexed. The entire 
triceps surae (gastrocnemius and soleus) 
is contracted if the ankle does not dorsi- 
flex at least 10 degrees above neutral 
with the knee flexed or extended. The 
gastrocnemius is selectively contracted if 
the ankle dorsiflexes at least 10 degrees 
above neutral with the knee flexed but 
not extended. 


A positive examination indicates defi- 
ciency of the anterior cruciate ligament 
complex. The test has greater sensitivity 
and specificity for anterior cruciate 
ligament tears. 


Values may be affected by atrophy, 
obesity, or asymmetric positioning of the 
legs. May indicate abductor or adductor 
contractures, or pelvic obliquity due to 
scoliosis. 


A slight difference of <1 cm is consid- 
ered normal but may be symptomatic in 
some patients. Progressive leg-length 
discrepancy suggests implant subsi- 
dence. Adduction contracture may 
cause apparent shortening when 
supine, but may elevate the hemipelvis 
when standing. Pelvic tilt from spinal 
deformity may contribute to functional 
leg-length inequality. 


If the examiner's thumb is able to 
palpate the intercondylar notch with the 
patient's knee flexed, this denotes lateral 
subluxation or dislocation of the patella. 
Patellar instability is common and can be 
an indication of lateral rotatory instabil- 
ity of the knee and contracture of the 
iliotibial band. 


(continued) 





6 EXAM TABLE 


Examination 


With the patient supine, the hip 
is flexed to 90 degrees, ensuring 
that the contralateral leg lays 
flat. The examiner extends the 
leg at the knee and measures 
the angle the leg makes with 
perpendicular to ground. 


The child is placed on the exami- 
nation table in the prone posi- 
tion, with the hip and knee in full 
extension and the ankle in a re- 
laxed plantigrade position. The 
examiner places one hand on the 
posterior aspect of the pelvis. 
The other hand is placed about 
the ankle and the knee is flexed 
slowly and then rapidly. If the ex- 
aminer feels the pelvis rise from 
the examination table when the 
knee is flexed slowly, then the 
slow rectus test is noted to be 
positive. If the examiner notes a 
catch or sudden increase in resis- 
tance to motion as the knee is 
flexed rapidly, then the fast rec- 
tus test is noted to be positive. 


Flexion and extension knee ROM 
is examined in supine and prone 
positions. 





Technique Illustration 


Grading & Significance 


>40 degrees indicates significant ham- 
string tightness. Most common neurologic 
finding in patients with spondylolisthesis. 


A positive slow rectus test indicates 
fixed shortening of the rectus femoris 
muscle. A positive fast rectus test indi- 
cates spasticity of the rectus femoris 
muscle. 


Normal range of motion is 0 degrees 
(full extension) to 135 degrees (full 
flexion). Loss of extension indicates a 
posterior capsular contracture; loss of 
flexion could be due to quadriceps 
contracture and especially rectus femoris 
spasticity or contracture if the knee is 
flexed in the prone position. Normal 
upright walking requires full knee exten- 
sion range of motion. 


Examination 


Technique 


Sensation to light touch distally 
should be evaluated in every pa- 
tient with injuries, with altered 
sensation in the first web space 
potentially leading to the diag- 
nosis of extensor retinaculum 
syndrome. Sensation to light 
touch is tested along the length 
of the entire lower extremity. 


The subject is supine, with the 
hip and knee in full extension, 
and the ankle in neutral, planti- 
grade alignment. The examiner 
holds the foot and ankle and 
slowly elevates the leg, allowing 
the hip to flex but maintaining 
the knee in full extension. The 
hip is flexed until resistance is 
met and the pelvis starts to tilt 
posteriorly or the knee begins to 
flex. The angle between the ele- 
vated leg and the horizontal 
table top is measured with a 
goniometer. 


With the individual standing, the 
examiner passively dorsiflexes 
the hallux. 


The patient is asked to elevate 
the heels and stand on the toes 
(ball of the foot). 


Illustration 





EXAM TABLE 


Grading & Significance 


Sensation to light touch should first be 
determined. Subjective symmetry should 
be assessed against the contralateral 
side. If there is a deficit, although not 
as sensitive as with the hand exami- 
nation, two-point discrimination can 

be quantified. Establishing preoperative 
deficits is critical in their postoperative 
management and aids in establishing 
the need to release the extensor reti- 
nacular compartment. 


A straight-leg raise of 60 degrees or 
less is indicative of shortening of the 
medial hamstrings. 


The examiner should note the reversal of 
the flat arch to an elevated arch. The 
longitudinal arch will elevate and the 
hindfoot valgus will correct to neutral in 
a flexible flatfoot. 


The examiner should note the reversal of 
the flat arch to an elevated arch. The 
longitudinal arch will elevate and the 
hindfoot valgus will correct to neutral in 
a flexible flatfoot. 


(continued) 
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8 


EXAM TABLE 


Examination 


Trendelenburg test 


Trochanteric prominence 
angle test 


Technique Illustration 


Observing from behind, the ex- 
aminer asks the patient to stand 
on one foot and then the other 
(for up to 15 seconds). In the 
figure, the child has right 
dysplasia. When she stands on 
her left hip, the right hemipelvis 
elevates (suggesting normal left 
hip mechanics). When she 
stands on the abnormal right 
hip, the left hemipelvis drops 
(suggesting poor right hip 
mechanics). 


This is performed in the prone 
position, starting with the knee 
flexed to 90 degrees and the hip 
in neutral rotation. The hip is 
internally rotated while palpating 
the prominence of the greater 
trochanter. When the greater 
trochanter is maximally promi- 
nent laterally, the femoral neck 
axis is assumed to be horizontal, 
and the angle by which the tibia 
was rotated out (hip rotated in) 
from the initial upright position 
provides an estimate of the 
femoral anteversion. 





Grading & Significance 


Tilting of pelvis down toward the non- 
stance leg is a positive sign, which 
signifies abductor weakness. 


Anteversion in degrees is measured 
using a goniometer. Normal range of 
anteversion is age-dependent; in adults 
it is typically 10 to 20 degrees. 


Examination 


Vascular examination 


Wilson test 


Technique Illustration 


Vascular status may be assessed 
by palpation of both the poste- 
rior tibial and dorsalis pedis ar- 
teries, as well as capillary refill. If 
no pulses are palpable, Doppler 
studies should be obtained. 


Starting with the knee flexed to 
90 degrees, the tibia is inter- 


nally rotated as the knee is ex- 
tended from 90 degrees toward 
full extension. 





EXAM TABLE 


Grading & Significance 


Palpable pulses can be classified is several 
ways, from descriptive terms to numerical 
values. Capillary refill is classified in terms 
of time. Vascular status is key to the ulti- 
mate viability of the extremity. If deficits 
are found the fracture should be immedi- 
ately reduced. If a deficit is still present 
after reduction a vascular study may be 
considered versus immediate operative 
exploration to evaluate for transient 
spasm or vascular injury. 


In a positive test pain is elicited over 
the anterior aspect of the medial 
femoral condyle. A weakness of the 
Wilson test is the lack of sensitivity. 


